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(5)  Introduction 

The  overall  objective  of  this  project  was  to  improve  the  detection  and  treatment  of  breast  cancer  by 
evaluating  vasopressin  gene-related  products  as  tumor  marker  substances  in  hyperplastic  breast  disease  by 
characterizing  the  nature  and  regulation  of  the  vasopressin  gene  and  its  products  in  breast  cancer,  and  by 
determining  the  potential  usefulness  of  vasopressin  gene-related  products  on  tumor  membranes  as  targets 
for  immunotherapy.  It  sought  to  test  the  hypothesis  that  all  breast  tumors  produce  vasopressin  as  an 
autocrine  growtfrfactor,  in  situ,  and  that  this  property  can  be  effectively  utilized  not  only  to  elucidate  the 
pathobiology  of  this  cancer,  but  also  to  identify  precancerous  tissue  and  develop  more  successful 

treatments. 

In  hypothalamic  neurons,  vasopressin  gene  expression  leads  to  the  formation  of  a  750 
subsequent  generation  of  a  20  KDa  precursor  that  undergoes  mtragranular  enzymatic  processing  to  fomi 
vasopressin§(VP),  vasopressin-associated  human  neurophysm  (VP-HNP),  and  vasopressin-associatal^^ 
glycopeptide  (VAG).  All  three  of  these  products  are  released  into  the  circulation  by  exocytosis.  None  of 
these  products  become  components  of  the  plasma  membrane  of  neurons. 

We  have  shown  that  the  vasopressin  gene  of  chromosome  20  is  expressed  by  apparently  all 
breasUum^but  not  by  normal  breast  tissue  (*North  et  al.,  1995).  This  indicates  that  in  the 
mammary  gland,  the  expression  of  the  vasopressin  gene  is  a  feature  unique  to  tumor  cells,  a  feature 
commontoall  hyperplastic  tissues,  or  a  feature  shared  only  by  tumor  cells  and  their  progenitors.  The  first 
and  third  of  these  possibilities  raised  the  potential  use  of  this  expression  as  a  marker  of  carcinogenesis, 
and/or  forecaster  of  imminent  disease.  We  therefore  conducted  a  survey  of  the  incidence  of  vasopressin 
gene  expression  in  fibrocystic  disease,  and  this  work  has  been  accepted,  with  modification,  for  publication 
fn  Endocrine  Pathology  .  No  evidence  for  gene  expression  could  be  found  for  all  cases  of  fibrocystic 
disease  examined,  including  atypical  intraductal  hypeiplasia.  In  our  study,  three  individuals  with  benign 
breast  disease  went  on  to  develop  breast  cancer.  Taken  together,  these  findings  indicate  vasopressin  gene 
expression  is  not  a  marker  of  cellular  proliferation  in  the  breast,  nor  a  marker  of  cancer  progenitor  cells  in 
benign  breast  disease  (*Fay  et  al.,  1997).  This  leads  us  to  the  conclusion  that  vasopressin  gene  expression 
in  the  breast  is  likely  to  be  solely  associated  with  the  process  of  carcinogenesis.  Therefore,  it  would  seem 
the  vasopressin  gene  is  an  oncogenic  marker  of  breast  cancer.  We  have  recently  . 
confirmed  this  through  studying  vasopressin  gene  expression  in  cases  of  carcinoma  in 
situ  (DCIS).  All  of  12  cases  of  DCIS  studied  showed  a  clear  expression  of  the  vasopressin  gene,  and 
we  are  currently  investigating  the  possibility  of  using  this  finding  to  develop  a  diagnostic  test  for 
distinguishing  atypical  hyperplasia  from  DCIS  (see  Body  of  this  report). 

Expression  of  the  vasopressin  gene  in  breast  cancer  leads  to  the  formation  of  unique 
gene-related  products,  some  of  which  become  associated  with  the  plasma  membrane  of 
tumor  cells.  Because  these  membrane-associated  products  react  with  antibodies  raised  against  human 
vasopressin-associated  glycopeptide  (VAG),  we  have  referred  to  them  as  GRSA  (Glycopeptide  Related 
cell  Surface  Antigen).  Because  they  are  located  at  the  cell  membrane  of  the  tumor  cells,  we  have 
demonstrated  they  can  be  targeted,  in  vitro ,  with  antibodies  to  VAG.  This  raises  the  possibility  they  can 
be  utilized  for  targeting  tumors  in  patients  through  immunotherapy.  We  have  excellent  indirect  evidence 
that  strengthens  this  possibility.  Breast  cancer  uniquely  shares  the  feature  of  membrane  expression  of 
vasopressin  gene-related  products  with  small-cell  carcinoma  of  the  lung  (SCCL),  and  we  have  shown  we 
can  successfully  target  these  products  in  SCCL  patients  using  radioiodinated  and  Indium-labelecl 
antibodies  (*North  et.  al,  1989,  *North  and  Yu,  1993). 


What  is  the  nature  of  GRSA?  The  VP  mRNA  and  protein  products  that  arise  in  breast  cancer  through 
expression  of  the  vasopressin  gene  appear  to  be  both  structurally  normal  and  abnormal  (see  Body  ol  this 
report).  We  had  anticipated  this  possibility  because  we  (and  others)  have  earlier  shown  that  abnoimal  and 
normal  forms  co-exist  in  SCCL  (*North  et.  al,  1983;  Rosenbaum  et.  al,  1990;  *North  and  Yu,  1993). 
There  appear  to  be  two  VPmRNAs  in  both  breast  cancer  and  SCCL.  One  of  these  is  sequentially  almost 
identical  to  that  in  human  hypothalamic  neurons,  while  the  other  is  extended  by  600  base  pairs  at  the  5 
end  of  the  reading  frame.  The  VPmRNAs  of  both  types  of  tumors  give  rise  to  proteins  of  40  KDa  and  20 
KDa  as  prominent  forms,  although  the  proteins  of  breast  cancer  appear  to  show  some  structural 


-2- 


NORTH,  W.G. 

% 

differences  to  those  of  SCCL  (*North  et  al.,  1995).  The  20  KDa  form  of  SC(X  is  dmost  identical  to  the 
provasopressin  of  hypothalamic  neurons.  Both  40  KDa  and  20  KDa  protems  of  SCCL  beco  e 
incorporated  into  the  cell  membrane  as  cell-surface  antigens.  Stuies  to  fully  charactenzeAe  two 
VPmRNAs  of  breast  cancer  are  still  in  being  performed. 

KDa  and  20  KDa  proteins  of  this  tumor  type  represent  GRSA  at  tumor  cell  surfaces  (see 
Body  of  this  report). 

In  normal  hypothalamic  neurons,  20  KDa  provasopressin  is  processed  by  proteolysis  that  is  thought  to 
involve  at  least  four  enzymes.  That  such  proteolysis  also  occurs  in  breast  cancer  is  < jvidenced  by  our 
preliminary  findings  that  most  patients  with  breast  cancer  have  inappropriately  high  plasma  levels  of 
vasopressin  and  elevated  levels  of  VAG  (unpublished  data).  Breast  cancer  can  therefore  be  classified 
as  neuroendocrine  in  nature.  Because  of  this,  we  performed  studies  thatdemonsffated  Ae  pr^enceof  the 
key  processing  enzymes,  carboxypeptidase  E,  and  prohormone  convertases  PC2  or  PCI/3,  and  PAM,  in 
the  two  breast  cancer  cell  lines  MCF7  and  ZR-75- 1 . 

Why  is  vasopressin  produced  by  breast  cancer?  One  answer  to  this  question  is  that  vasopressin 
serves  as  an  autocrine  growth  factor  for  these  tumors.  Vasopressin  is  already  known  to  act  as  a  growth 
factor/growth  modulating  agent  in  SCCL  fines  where  it  promotes  calcium ,  mobdizanon  and^ donsd  growth 
(Hong  and  Moody,  1991;  Sethi  and  Rozengurt,  1991,  Cassom  et  al.,  1994,1996,1997).  Over  tnelast 
three  years  we  reported  that  vasopressin  can  promote  calcium  mobilization  m  two  to-east  cancer  cefi  lines, 
ZR-75- 1  and  T47D,  and  can  dramatically  influence  the  cytoskeleton  of  ZR-75- 1.  These  finding  ar 
supported  by  previous  studies  on  a  dimethylbenzathrene-induced  rat  mammary  tumor  (Monaco  et  al., 

1978;  Monaco  et  al.,  1980;  Guilon  et  al.,  1986;  Kirk  et  al.,1986;  Woods  and  Monaco,  1988),  um^l 
MCF7  breast  cancer  cells  CTaylor  et  al.,  1990),  and  on  another  breast  cancer  cell  fine  (Bunn.et  al.,  199  ). 
Choi  et  al  (1994)  were  also  able  to  show  that  vasopressin  promotes  growth  of  mammary  tumors  m 
Snsginfc  SS  These  actions  of  vasopressin  have  prompted  ns  to  i •*»  » 

receptors  on  breast  cancer  cells.  Four  vasopressin  receptors  have  been  mdentified  m  other  cells  and  have 
SS  Saunter  e.  al.,  1992;  Hirasawa  et  al  1994;  Sugimoto e.  al  Wtlta. re.  £ . 
1994;  Bumatowska-Hledin  et  al.,  1995,  *Fay  et  al.,  1994,1996;  *North  et  al ,  !997a, 1997b)  These  are 
known  as  vasopressin  Vla,  Vlb,  and  V2,  receptors  plus  vasopressin-activated  calcium-mobilizing 
receptor  (VACM1).  Although  an  investigation  of  vasopressin  receptors  and  the  growth  promotional 
activities  of  vasopressin  may  seem  to  fall  outside  of  intentions  enunciated  in  the  on^nal  pro^sal,  we 
believe  they  nevertheless  address  the  body  of  the  hypothesis  ongmally  advanced  in  the  proposal  and  fall 
within  the  goals  of  Technical  objectives  2  and  3.  It  is  believed  that  such  an  investigation  could  not  only 
explain  the  seemingly  universal  expression  of  the  vasopressin  gene  in  breast  tumors,  but  also  lead  to  an 
additional  number  of  effective  therapies.  Therefore,  over  the  course  of  this  year  we  have  now 
completed  the  sequencing  of  the  entire  open  reading  frames  (ORFs)  of  vasopressin  Via, 
Vlbfand  V2  receptor  mRNAs  of  the  breast  cancer  cell  line  MCF-7  and  have  prepared  a 
manuscript  for  submission  to  the  journal,  Molecular  Endocrinology  (see  Appendix). 


(6)  Body 

Technical  Objective  1:  Vasopressin  gene-expression  in  breast  hyperplasia  as  a  predictor 
of  cancer  (Task  1  in  Statement  of  Work).Breast  Cancer/Carcinoma  in  situ/hyperplasia. 


This  objective  has  been  satisfied.  We  also  report  on  our  recent  discovery  that  tire  vasopressin ‘gene  is 
expressed  by  all  carcinoma  in  situ  examined  and  the  implications  of  this  finding.  These  recent  findings 
have  not  yet  been  published.  Also,  for  the  sake  of  clarity,  we  include  below  a  summary  of  all  earlier 
reported  findings.  Our  findings  taken  together  show  that  vasopressin  gene  expression  is  a  marker 
of  oncogenic  transformation  in  breast  tissues. 


Breast  Cancer:  We  performed  immunohistochemistry  on  19  breast  cancers  representing  a  variety  of 
tumor  subtypes  using  antibodies  directed  against  different  moieties  of  the  vasopressin  precursor  stnicture 
as  indicated  in  Figure  1 ,  below.  These  comprised  rabbit  polyclonal  antibodies  that  recognize  arginine 
vasopressin  (anti- VP),  the  tripeptide  bridge  region  of  the  precursor  (anti-ProVP),  and  the  carboxyl  region 
of  vasopressin-associated  human  glycopeptide  (anti-VAG);  and  mouse  monoclonal  antibodies  that 
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recognize  an  amino  terminal  portion  of  vasopressin-associated  human  neurophysin  (anti-VP-HNP). 
Western  Blot  analysis  was  performed  on  protein  extracts  from  an  additional  12  breast  tumors. 


Ini 


In2 


DNA 


5’ 


ex  A 


ex  B 


^  SP+VP+NP1-9|  / 


"H" 


ex  C 


N  Pi  0-77 


NP78-93+R+GP 


Y 


Protein 

Antibody 


anti- VP 


anti-Pro  VP 


anti-VAG 


anti-VP-HNP  . 

Figure  1  Illustration  depicting  the  structures  of  the  vasopressin  gene  and  protein  precursor.  Regions  of  the 
precursor  are  blocked  out  against  which  Abs,  used  in  immunohistochemistry  of  breast  cancer,  are  directed. 

As  shown  in  Table  1 ,  while  VP-related  proteins  were  not  detected  in  normal  breast  tissues, 
immunohistochemistry  revealed  the  presence  of  VP  and  VAG  in  all  neoplastic  cells  of  all  tumor  tissues 
examined.  ProVP  was  evident  in  1 1  of  14  tumors  while  VP-HNP  was  evident  in  only  one  of  19  tumors 

examined. 

Table  1.  Presence  of  vasopressin  gene  related  products  in  human  breast  cancer 


cancer  subtype 

VP  gene  related  antigens* 
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18/18 

na 

11/14 

1/19 

1 
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na  =  not  attempted. 
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However  Western  blot  analysis  for  all  12  fresh-frozen  tumor  samples  showed  the  presence  of  two 
proteins  of  42  KDa  and  20  KDa,  that  were  both  immunoreactive  with,  not  only  antibodies  agunst  VP  and 
V  Afi  but  also  those  against  VP-HNP  (anti-ProVP  were  not  used).  The  vasopressin  precursor  of 
h^oA^c  tissues  is  20  KDa  in  size.  These  findings  provided  evidence  that  the  vasopressin  gene  is 
expressed  as  a  selective  feature  of  all  breast  cancers.  This  expression  apparently  gives  nse  t0^._ 
ahnnrmflllv  lflrpe  vasopressin-related  protein,  and  one  protein  of  normal  size  with  possible  modification 
% immunoreactive  withantf- VP-HNP.  Both  pn>te,nS  represent 

potential  markers  for  tumor  detection  and  potential  targets  for  immunotherapy. 

Fibrocvstic  Disease:  In  order  to  examine  if  vasopressin  gene  expression  was  a  possible  predictor  of 
diseased  performed  a  survey  of  the  incidence  of  vasopressin  gene  expression  in  fibrocystic  disease and 
this  work  has  now  been  accepted,  pending  revision,  for  publication  in  Endocrine  Pathology.  In  A  s  y, 
we  used  immunohistochemistry  and  antibodies  against  vasopressin 

glycopeptide  (anti- VAG)  to  examine  fonnalm-fixed  biopsy  specimens  taken  from }]. Jh^ween 
various  forms  of  benign  breast  disease,  who  were  seen  at  DartmouA  Hitchcock  Medical  Center  betwee 
1975  and  1984.  These  specimens  were  selected  without  any  knowledge  of  follow-up,  and  included^ 
cases  rf  atypical  ductal  hyperplasia,  6  cases  of  fibrocystic  disease  wiA  intraductal  hyperplasia,  2  cases  of 
fibrocysticAsease  wiA  papilloma,  1  case  of  fibrocystic  disease  with  bilateral  mamma^  hypoplasia,  and  4 
cases  of  typical  fibrocystic  Asease.  Diagnosis  from  pathology  reports  was  confirmed  by  examining 
hematoxylin-  and  eosin-stained  sections.  The  results  of  Aese  stuAes  are  illustrated  in  Table  2,  and 
demonstrate  that  in  all  cases  of  benign  breast  Asease  examined  Aere  was  negative  staining  for  both 
varonresSn  and  vasopressin-associated  glycopeptide.  They  in  Acate  Aat  Ae  vasopressin  gene  is  m 
expressed  in  benign  breast  Asease,  and  this  is  in  Aamatic  contrast  to  what  was  found  for  human  breast 
cSoma  using  Aese  same  antibodies  (Table  1).  At  Ae  completion  of  Ae  study,  it  was  discovered  Aat 
three  of  Ae  in Aviduals  with  benign  breast  disease  went  on  to  develop  breast  carcinoma.  Although 
preliminary  Aese  data  taken  together  indicate  Aat  (i)  expression  of  vasopressin  gene  related  products  is 
not  a  marker  of  cellular  proliferation  in  Ae  breast,  (ii)  expression  of  vasopressin  gene-related  products  is 
associated  with  Ae  process  of  carcinogenesis,  and  (iii)  expression  of  vasopressin  gene-related  produc  l 
not  a  marker  of  precancerous  cells  in  benign  breast  disease. 

Table  2.  Absence  of  vasopressin  gene-related  products  from  benign  breast  fibrocystic  conAtions 


Subtype 


VP  gene-related  antigens* 


VP 


VAG 


Fibrocystic  Disease 
Fibrocystic  Disease 
Fibrocystic  Disease 
Fibrocystic  Disease 

Fibrocystic  Disease  wiA  Intraductal  Hyperplasia 
Fibrocystic  Disease  wiA  Intraductal  Hyperplasia 
Fibrocystic  Disease  wiA  Intraductal  Hyperplasia 
Fibrocystic  Disease  wiA  Intraductal  Hyperplasia 
Fibrocystic  Disease  wiA  Intraductal  Hyperplasia 
Fibrocystic  Disease  wiA  Intraductal  Hyperplasia 
Atypical  Intraductal  Hyperplasia 
Atypical  Intraductal  Hyperplasia 
Atypical  Intraductal  Hyperplasia 
Fibrocystic  Disease  wiA  Intraductal  Papilloma 
Fibrocystic  Disease  wiA  Intraductal  Papilloma 

Fibrocystic  Disease  wiA  Bilateral  Mammary  Hyperplasia 

Total  Positive  0/16 


♦Positive  (+)  or  negative  (-)  immunoreactivity  using  ABC  immunohistochemistry 
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Carcinoma  in  situ:  We  used  immunohistochemistry  with  anti-VAG  antibodies  to  examine  vasopressin 
gene  expression  in  pre-invasive  carcinoma.  Blocked  out  biopsy  samples  of  twelve  cases  of  carcinoma  in 
situ  six  of  which  have  been  clearly  identified  as  being  of  the  comedo  variety  with  abnormal  cells  and 
extensive  necrotic  areas,  were  investigated.  All  twelve  cases  (Table  3)  showed  positive  staining  with  an U- 
VAG  demonstrating  for  this  small  sampling  that  vasopressin  gene  expression  is  commonly  associated  with 
breast  carcinoma  in  situ  (Figure  2).  Of  the  DOS  samples,  the  comedo  variety  gave  the  most  intense 
staining. 


Table  3.  Presence  of  vasopressin  gene-related  products  in  carcinoma  in  situ 


Subtype 

yp  gftne-related  antigen* 

VAG 

Carcinoma  in  situ,  non-comedo 

n 

+ 

+ 

tt 

+ 

>i 

+ 

ti 

+ 

it 

+ 

Carcinoma  in  situ,  comedo 

n 

+ 

+ 

n 

+ 

it 

+ 

ti 

+ 

it 

+ 

Total  Positive 

12/12 

♦Positive  (+)  or  negative  (-)  immunoreactivity  using  ABC  immunohistochemistry 


Figure  2.  Carcinoma  in  situ  stained  using  the  ABC  immunohistochemical  method  with  Abs  against  VAG 
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The  above  results  indicate  that  ABC  immunohistochemistry  with  our  antibodies  to  VAG  can  clearly 
distinguish  atvoical  ductal  hyperplasia  from  carcinoma  in  situ,  a  distinction  currently  difficult  to  make 
usincother  amiable  mShoS  This  distinction  is  important  because  a  diagnosis  of  atypical  hypeiplasia  has 
no  follow-uD  while  carcinoma  in  situ  is  generally  followed-up  with  ablative  surgery.  We  are  therefo  e 
intending  /further  test  this  finding  by  enbarking  on  a  screening  study  thatwill  compare  evaluation  by 
histochemical  analysis  alone  with  an  evaluation  that  uses  both  histochemistry  and  VAG 
immunohistochemistry. 

Technical  Objective  2:  Characterization  of  vasopressin  gene  expression  by  breast  cancer 

cells  (Tasks  2  and  3  in  Statement  of  Work). 

The  data  discussed  in  this  section  are  largely  unpublished. 


DNA  §L 


ex  A 


ex  B 


ex  C 


Structure  of  Human  vasopressin  gene  and  locations  of  some  designed  PCR  primers 

Figure  3 

We  have  established  for  breast  cancer  cells  that  there  is  abnormal,  in  addition  to  normal,  production  of  ^ 
vasopressin  Abnormal  protein  forms  constituting  GRSA  might  to  be  generated  from  one  normal  and  one 
abnormal  gene.  RT-PCR,  cloning,  and  sequencing  studies  on  messages  from  the  yaso^ssin  gene  of 
MCF7  T47D,  and  ZR-75-1  cells  have  now  shown  that  there  appear  to  be  at  least  two  VPmRNAs 
expressed  in  breast  cancer,  one  from  a  ’normal'  gene  and  the  product  of  normal  splicmg,  the  second  eiAer 
from  a  'normal'  gene  and  the  product  of  alternate  splicing  or  from  an  abnormal  gene  having  insertions  m 
5E 1  X  ten  pri/ers  us^  in  studies  are  illustrated  in  the  figure  above  and  described  in  the  following 

Table  4.  Forward  and  reverse  primers  designed  for  RT-PCR  amplification  of  human  vasopressin  gene 
fragments  from  human  breast  cancer  cells 


Forward  primer 

Length 

Nucleotides 

Exon 

Sequence 

A1 

21 

269-289 

1 

5’-cttctcctccgcgtgctactt-3’ 

A2 

18 

269-286 

1 

5’-cttctcctccgcgtgcta-3’ 

A3 

21 

321-341 

1 

5'-atgtccgacctggagctgaga-3’ 

IN 

21 

1504-1524 

intron  1 

5’-gtcatccaagaaaccaaggtg-3’ 

B1 

25 

1751-1775 

2 

5’-tgcttcgggcccagcatctgctgcg-3’ 

B2 

22 

1830-1851 

2 

5’-tgccaggaggagaactacctgc-3’ 

Reverse  primer 

INR 

20 

1517-1536 

intron  1 

5’-agatctgctcggcaccttgg-3 

Br 

22 

1830-1851 

2 

5’-gcaggtagttctcctcctggga-3’ 

C 

22 

2152-2173 

3 

5’-agcaacgccacgcagctggacg-3’ 

CO 

25 

2231-2255 

3 

5  ’-taggcgtcgggctgggcgggctcga-3  ’ 
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Normal-sized  VPmRNA  fragments  of  313  bp  using  A3C  were lllCSe  haV6 
been  Dartiallv  sequenced  and  shown  to  have  a  sequence  very  similar  to  the  VPmRNA  found  in 
hypothalamic  neurons.  We  also  isolated,  and  successfully  reamphfied 1  (but  ^  ™ 

nr  prR  nroductfsl  from  all  three  cell  lines  using  the  specific  pnmers  A1  and  C,  that  bases  larger 
to  to  SSfmteSre  of  VPmRNA.  Such  a  structure  could  represent  a  VPmRNA  to  have 
retained  aP600  base  portion  of  intron  1  through  alternative  splicing  (the  entire  intron  1  segment  contains 
1373  bases')  If  the  5'  sequence  of  the  product  confirms  it  translates  a  protein  with  the  N-terrmnus  o 
nrovasopressin  it  will  Xr  one  explanation  for  the  40,000  dalton  species  of  breast  cancer  because  an 
e^r^bOObases  represents  an  additional  200  amino  acid  residues.  Adding  200  amino  acid  residues  to  the 

20,000  dalton  provasopressin  would  give  a  protein  of  40,000  daltons.  Mtibc^e thiHnttS  6 

R  /at  least  in  Western  analyses)  and  exon  C  regions  of  the  protein  (North  et  al.,  1995)  the  lntromc 
in^rto^wou^ncuTp^rentlycause  a  reading^rame  shift.  The  structure  of 

checked  through  reamplification  using  both  A2  and  C  pnmers,  and  A3  and  C  pnmers.  It  the  aomtionai 
600  bases  in  A1C  are  from  intron  1,  we  expect  in  all  cases,  reamphfied  products  that  are  approximately 
600  taS  larger  th£m  predicted  from  normal  VPmRNA.  However,  if  products ;  of  .»0"toaze  are :  protod 
this  wiU  suggest  the  enlarged  form  represents  an  abnormal  vasopressin  gene  having  a  600  base  insertion 
SexonA  region.  This  insertion  would  be  between  bases  corresponchng  to.the  v^opressm  and 
neurophysin  structures.  Structures  A2  and  A3  are  only  separated  by  35  bases  m  normal  VPmRNA.  While 
a  definitive  answer  regarding  the  enlarged  form  will  be  best  provided  through  cloning  and  DNA  ^ 
sequencing,  the  planned  exercise  will  enable  us  to  eliminate  the  possibility  of 

Use  of  primers  Bl,  B2,  C  and  Co  will  likewise  enable  us  to  discover  if  forms  extended  in  the  exon  ® 
^XeXc  region  exist  is  breast  cancer  cells  (as  found  by  us  in  SCCL),  while use >  o 
and  reverse  INR  primers  will  allow  us,  when  used  with  B  and  A  pnmers,  to  obtain i  shorten^!  RT  PC 
products  for  sequencing  if  regions  of  intron  1  are  indeed  included  in  the  abnormal  VPmRNA  strucnire.AU 
of  these  primers  have  already  be  used  somewhat  successfully  by  us  in ^sequencing  VPmRNA .forms ^  fro 
SCCL  (unpublished).  However,  two  abnormal  VPmRNA  structures  found  by  us  for  SCCL  have  rece  tly 
been  entered  into  the  GENEbank  with  accession  numbers 

We  have  also  made  efforts  to  perform  Edman  sequencing  on  purified  samples  of  GRSA  proteins. 
We  have  decided  to  concentrate  our  studies  on  protein  obtained  from  the  cell  line  MCF-7  and  used  these 
cultured  cells  as  the  protein  sources.  Purification  employed  pH-salt  separations,  molecular  sieve 
chromatography,  and  affinity  chromatography  on  columns  of  Annvasopressin-Sepharose.  Our 
antivasopSssin  monoclonal  antibody,  DENI,  was  used  to  generate  such  an  affmXyTCsm. 
from  affinity  chromatography  were  S-alkylated  and  then  separated  using  SDS-PAGE.  We  then  intended 

performingsolid-phase  sequencing.  However,  both  20  KDa  and  40  P^^forGRSA  nrotehis  using 
blocked  N-terminal  residues,  so,  as  yet,  no  sequence  mformanon  could  be  found  for  GRSA  proteins  using 

this  approach. 

PCR  studies  on  DNA  preparations  from  breast  cancer  cell  lines  have  also  been  conducted  using  a  mixture 
of  specific  primers  for  the  vasopressin  gene  and  oxytocin  genes.  This  is  because  a .published  study '(Morns 
et  al.  1995)  has  indicated  that  some  hypothalamic  neurons  m  rats  can  express  protein  products  that  are  a 
composite  of  provasopressin  and  pro-oxytocin  through  a  cross-over  between  the  vasopressin  and  oxytocin 
genes  on  chromosome  20.  We  have  established  that  there  is  no  evident  cross-over  between 
the  vasopressin  and  oxytocin  genes  in  breast  cancer. 

Studies  were  also  performed  that  examined  sub-cellular  trafficking  in  ZR-75-1  breast 

cancer  cells  (unpublished  data).  ...... 

Sucrose-gradient  sub-fractionation  of  these  cells  (108  cells/batch)  was  earned  out  and  mi  evaluation 
conducted  by  Western  analysis  and  by  RIA  (VP,  VP-HNP,  VAG).  This  evaluation  revealed  that 
approximately  80%  of  both  the  20  KDa  and  40  KDa  proteins  are  located  m  the  plasma  membrane.  Of  the 
remaining  20%,  most  (90%)  is  found  outside  secretory  granules,  and  approximately  10%  is  within  these 
granules.  The  procedures  employed  were  found  by  us  to  preserve  granules  from  hypothalpnc  neurons 
with  >90%  of  vasopressin  gene-related  products  located  in  the  granular  fraction.  Hence,  either  the 
granules  of  breast  cancer  are  more  susceptible  to  rupture,  or  only  a  small  percentage  (<  2%)of  translated 
protein  is  potentially  processed  to  active  hormone  within  these  granules  and  then  secreted.  This  implies 
that  packaging  is  limited  and  most  protein  in  breast  cancer  cells  is  destined  for  agranular  targeting  to  the 


8- 


NORTH,  W.G. 

plasma  membrane.  Both  20  KDa  and  40  KDa  proteins  were  found  in  the  granular  fraction  of  cells.  This 
indicates  that  the  40  KDa  product  shows  a  capacity  similar  to  the  20  KDa  product  to  be  packaged  in  the 
Golgi  apparatus.  This  study  indicates  that  the  limited  processing  of  20  KDa  and  40  KDa  vasopressin 
gene-related  proteins  in  breast  cancer  is  largely  due  to  limited  packaging  of  translated  material, : rather  than 
to  an  absence  of  processing  enzymes.  An  almost  identical  trafficking  pattern  was  found  for  SCCL  cells  in 
culture  and  reported  on  last  year. 

The  breast  cancer  cell  lines  MCF7  and  ZR-75-1  were  examined  for  the  expression  of  ^As  for  the 
processing  enzymes  carboxypeptidase  E  (CPE),  prohormone  convertases  PC2  and  PCI  (or  PC3),  and 
PAM,  using  RT-PCR,  cloning,  and  sequencing.  These  studies  are  not  yet  published.  The  pnmer 
pairs  used  in  these  studies  are  depicted  in  figure  below. 


A.  5' 


atgggaatgaggctgttgggac 


Human  CPE,  2443bp 


-3* 


631-651- 


405bp 


1015-1035 

catggagattggcagaaagca 


B.  5' 


tacttgcaagataccaggatg 


Human  PC1/PC3, 5037bp 


-3’ 


540-600- 


643bp 


■  1162-1182 
gatggagatggtgtagatgct 


C.  5* 


gatcctctttttacaaagcagtgg 


Human  PC2, 2223bp 


■3’ 


454-477- 


880bp 


-1312-1335 

ggtgagcacagtcagalgctgcat 


D. 


5’ 


-  tagcc 


tagcctgctagttctccttg 


Human  PAM,  3748bp 


-3' 


206-225 


560bp 


1 — 747-766 
tgtggcagacgtgtgaggtg 


Primers  designed  for  amplification  cDNA  fragments  of  carboxypeptidase 
E(CPE)(A),  prohormone  convertases(PC)l/3(B),  PC2(C)  and  peptidylglycine 
alpha-amidating  monooxygenase(PAM)(D)  from  breast  cancer  cell  line  MCF-7. 

RT-PCR  studies  on  CPE  provided  amplified  products  of  the  size  predicted  from  previously  published 

studies  on  anterior  pituitary  cells  using  polyA+RNA  from  both  cell  lines.  These  products  for  MCF-7  were 
reamplified,  cloned  and  sequenced  to  provide  structures  identical  to  those  published  for  this  enzyme.  In 

RT-PCR  studies  on  PC2  we  have  so  far  only  been  able  to  amplify  a  product  using  polyA+RNA  from 
MCF7.  We  then  investigated  if  mRNA  for  PCI/3  was  expressed  in  MCF7  and  ZR-75-1.  However,  RT- 
PCR  failed  to  show  that  this  mRNA  was  expressed  in  either  cell  line.  We  subsequently  performed 
RT-PCR  for  the  enzyme  employing  the  more  sensitive  'platinum'  Taq  polymerase  and 
were  then  able  to  demonstrate  the  enzyme  PCI/3  is  expressed  by  MCF-7  cells..  The 
expression  of  all  these  enzymes  by  breast  cancer  have  now  been  confirmed  using 
available  antibodies  against  CPE,  PCI,  PC2,  and  PAM  in  Western  analysis.  These 
antibodies  were  provided  to  us  through  the  generosity  of  Dr.  Lloyd  Fricker  of  Albert 
Einstein  Medical  School,  and  of  Drs.  Betty  Eiper  and  Richard  Mains  of  Johns  Hopkins. 
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Our  results  therefore  show  that  at  least  Mr  of  the  enzymes  necessary  for  processing  provas^ressin  to 
active  hormone,  neurophysin,  and  glycopeptide,  are  present  in  some  breast  cancer  cell  lines.  This  fin&ng 
confirms  conclusions  expressed  above  that  a  failure  of  breast  cancer  cens  to  prwess  vasopressin  prec 
proteins  in  the  same  manner  or  extent  as  central  neurons  is  probably  due  to  differences  in  sub-cellular 
packaging  rather  than  to  an  absence  of  any  of  the  enzymes  necessary  for  processing. 

Technical  Objectives  3:  Identification  of  factors  regulating  the  Production i  of  GRSA  by 
breast  cancer;  and  4:  Determination  of  the  binding  properties  for  antibodies  of  GRSA 
and  other  vasopressin  gene-products  at  tumor  cell  surfaces  (Tasks  4  and  5  of  State  e 

of  Work). 

We  were  unable  to  commence  studies  designed  to  satisfy  these  technical  objectives,  but  expect  to  complete 
some  of  these  studies  with  cany-over  funding  during  the  next  twelve  months.  We  perform^ studies  on 
the  regulation  of  vasopressin  gene-expression  in  SCCL  as  part  of  another  ongomg  project,  so  all  of  the 
methods  are  at  hand  to  enable  us  to  proceed  without  pause. 

rimiinp  nf  a  novel  caicium-mnhiiizing  receptor  from  cancer  cells  (NCI  H146  SCCL 
cells  and  MCF7  hreast  cancer  cells! 

Two  years  ago  we  described  our  ability  to  demonstrate,  for  breast  cancer  cells,  the  expression  of  mRNA 
for  the  novel  vasopressin  receptor,  called  VACM,  using  RT-PCR  and  primers  desunedfirnn ^  rtracone 
of  the  rabbit  form  of  this  protein.  Since  that  time  the  structure  of  a  human  clone  of  VACM  from  placenta 
was  published  by  a  British  research  team  (Byrd  et  al.,  1997,  Stankovic  et  al.,  1997).  In  order  to  study  the 
role  of  this  putative  receptor  in  breast  cancer,  we  generated  a  cDNA  clone  from  human  cancer  cells.  Initial 
efforts  were  focused  on  the  small-cell  carcinoma  cell  line  NCI-H146,  because  we  had  obtained  signal 
transduction  data  the  presence  of  functional  VACM  protein  in  th^esewlls.  However,  we  Aen^tmned  5 
and  3'  RACE  products  covering  the  entire  open  reading  frame  of  mRNA  for  the  protein  from  MCF7  breast 
cancer  cells.  The  primers  employed  in  RACE  are  given  in  Table  6,  below: 

TABLE  6:  Primers  used  for  5'  and  3’  RACE  of  VACM  from  MCF7  breast  cancer  cells 


3r-Pt^lTAt'E'p?Tmers 

1432(forward) 

138  (reverse) 

5'-PCR  RACE  primers 

5'  ATG  (forward) 

2082  (reverse) 


5'  gaa-tgg-cta-aga-gaa-gtt-ggt-atg  3' 
5'  ttg-ttt-ttg-taa-ggt-aag-gca-gag  3' 


5'  tcc-aag-tta-aag-aac-atg-gcg  3' 
5'  tct-tct-ctc-atc-ctt-tct-gta-gtg  3' 


The  isolated  VACM  clone  for  NCI-H146  contains  an  open  reading  frame  of  2,343  nucleotides  and 
encodes  a  protein  of  a  predicted  size  of  78 1  amino  acids.  Analysis  programs  failed  to  identify 
hydrophobicity  regions  of  sufficient  confluence  to  classify  them  as  transmembrane  regions.  The  following 
motifs  were  identified  to  be  present  in  the  protein  structure:  two  protein  kinase  A  phosphorylation  domains 
(Thr  427  and  Ser  731);  15  protein  kinase  C  phosphorylation  domains;  a  Tyrosine  phosphorylation  domain 
(Tvr  207);  two  myristoylation  sites  between  residues  180  and  185,  and  664  and  669;  and  three 
glycosylation  sites  at  Asn  145,  Asn  289,  and  Asn  566.  Although  these  findings  are  unpublished  we 
have  recently  submitted  a  manuscript  on  the  structure  of  HVACM  in  H146  cells  to  Cancer  Research.  Our 
cDNA  sequence  for  what  we  are  now  referring  to  as  HVACM  from  human  cancer  cells 
has  been  submitted  to  the  GENEbank  by  us  and  has  been  assigned  the  accession  number 
AF017061  A  complete  copy  of  the  GENEbank  submission  is  included  in  the  appendix  of  this  progress 
report.  The  availability  of  cloned  HVACM  should  now  allow  us  to  examine  in  detail  the  expression  of  this 
putative  vasopressin  receptor,  and  determine  its  role  in  the  vasopressin-induced  mitogenesis  of  breast 
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cancer.  We  have  also  had  antibodies  made  to  HVACM,  and  these  will  be  used  to  examine  the  incidence 
and  distribution  of  the  protein  in  breast  cancer  from  our  archival  library. 

Vacnnr<»ssin-ind..ced  nhosnhorviation  (activation)  of  piitoren-activated  Protein  Kinase 

Wee^Uerreported  that  vasopressin  can  activate  MAPK  in  breast  cancer  cells,  and  we  have  recendy  ffied 
to  provide  quantitative  data  on  MCF7  breast  cancer  cells  using  a  fluorescence  Western  Blot  procedure  from 
ECL  with  a  Molecular  Dynamics  Fluorimager.  Two  antibodies  preparations  employed  recognize  dually 
phosphorylated  MAPK  p42/p44  (activated  MAPK),  and  MAPK  regardless  of  phosphorylation  status. 
Treatments  with  vasopressin  and  a  vasopressin  VI  antagonist  for  5 

controls  using  frnagequant  software.  Data  obtained  support  an  increase  in  MAPK  activation  at  5  minutes, 

but  not  at  15  minutes,  and  this  increase  could  only  be  demonstrated  for  the  p44  MAPK  isoform.  These 
data  have  not  yet  been  published. 

Sprmencinp  of  the  vasopressin  VI  and  V2  receptor  subtVPeS  0f  hrgast  ganger  Cells* 

We  earlier  reported  on  the  presence  of  vasopressin  Vla,  Vlb,  and  V2  receptors,  and  oxytocin  receptors  in 
breast  cancer  cell  lines  BT  549,  MCF7,  MDA,  MB-231,  T47D,  and  ZR-75  using  specific  pnmere  and  RT- 
PCR.  We  have  now  obtained  sequences  for  the  entire  open  reading  frames  vDK*s)  01 
mRNAs  for  the  all  vasopressin  receptors  (three  normal  and  one  abnormal)  for  the  M(_r- 
7  breast  cancer  cell  line.  Complete  sequence  information  on  the  open  reading  frames  of 
all  of  these  receptors  produced  by  small-cell  carcinoma  of  the  lung 
published  and  submitted  to  the  Genebank  with  accession  numbers  AF030625, 

AF030512,  AF030626,  and  AF032388.  We  have  now  approached  the  gene  bank  about 
submitting  the  breast  cancer  receptor  data. 

Using  forward  and  reverse  primers  selected  to  provide  overlapping  sequences  covering  the  entire 

open  reading  frames  (ORFs)  of  vasopressin  Vu,  and  Vib  mRNAs,  RT-PCR  of  poly(A)+  RNA 
preparations  from  MCF-7  cells  yielded,  in  each  case,  a  single  product  df  the  expected  size  predicted  from 
the  cDNA  for  the  human  forms  of  these  receptors  derived  from  Uver  (Thibonnier  et  al.,  1994) i  or  blood 
vessels  (Hirasawa  et  al.,  1994),  from  pituitary  (Sugimoto  et  al.,  1994;  de  Keyzer  et  1994),  and  from 
small-cell  lung  cancer  (North  et  al.,  1998).  All  of  the  products  were  generated  from  RNA  and  not  DNA 
template  because  no  intronic  segments  that  these  products  spanned  were  evident.  The  product  obtained  tor 
the  Via  receptor  (1472  bp),  and  the  three  obtained  for  the  Vp,  receptor  are  shown  in  the  figure  below. 
However,  RT-PCR  with  forward  and  reverse  primers  selected  to  obtain  overlapping  sequences  covering 
the  entire  sequence  of  vasopressin  V2  mRNA  gave  not  only  normal  products  (Bimbaumer  et  al.,  1993), 
but  also  one  abnormally  sized  product.  The  abnormal  form  was  obtained  as  a  second  product  when 
primers  spanning  intron  2  were  used  and  was  larger  by  the  size  of  this  intron  (~100  bp)  than  the  size  ot 
862  bp,  predicted  from  the  structure  of  V2  receptor  mRNA.  A  similar  product  was  earlier  reported  by  us 
to  be  a  product  of  small-cell  lung  cancer  (North  et  al.,  1998).  Cloning  and  sequencing  of  V i.  and  V lb 
related  products,  and  V2  related  products  of  predicted  size,  showed  them  to  collectively  provide  a  complete 
characterization  of  human  Vu  mRNA  for  the  MCF-7  breast  cancer  cell  line  from  -23  at  the  5  end  (23 
bases  prior  to  the  reading  frame)  through  1224  at  the  3’  end  (18  bases  beyond  the  reading  frame),  for  Vp, 
mRNA  from  123  bases  beyond  the  5’  end  to  52  bases  beyond  the  Tend,  and  for  V2  mRNA  from  32 
bases  beyond  the  Tend  to  53  bases  beyond  the  3’  end.  The  sequences  for  the  vasopressin  Vi  receptor 
mRNAs  had  exact  sequence  homology  with  the  sequence  of  human  Via  mRNA  and  the  sequence  of 
human  Vib  mRNA  published  earlier  by  us  and  others  (North  et  al.,  1998;  Thibonnier  et  al.,  1994; 
sugimoto  et  al.,  1994;  de  Keyzer  et  al.,  1994).  One  sequence  of  human  V2  receptor  mRNA  from  breast 
cancer  cells  was  identical  to  that  published  by  us  and  others  for  normal  human  tissues  (Fay  et  al.,  1996 ; 
Bimbaumer  et  al.,  1993).  Additionally,  an  enlarged  product  of  the  V2  receptor  was  found  to  contam  the 
entire  106  bases  of  intron  2  in  addition  to  sequence  for  V2  mRNA. 
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RT-PCR  primers  and  products  of  Via  receptor  in  MCF-7  breast  cancer  cells 


1472bp  I - AAA  3* 


AlC=1281bp 


Al,  5'-cgagyaggagcygcayggac-3’ 
C,  5'-gttgcatgaatgcaaggc-3' 


RT-PCR  primers  and  products  of  Vlb  receptor  in  MCF-7  breast  cancer  cells 


5’ 


1276  bp 


f0r3= 


3’ 


fO,  5'-tccctgtcattctcaacgct-3' 
f5, 5'-cgctacctggctgtctgtcac-3' 
f4, 5'-ccaatgtggctttcaccatc-3' 
r3, 5'-gaagacttgagggaggct-3' 
r5, 5'-ctgttgaagcccatgtagatc-3’ 
rO,  5'-cagagaacctccactagtcc-3’ 
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RT-PCR  primers  and  products  of  V2  receptor  in  MCF-7  breast  cancer  cells 


5' 


TGA 


Exonl 

Exon  2 

Exon  3 

25bp 

a  *  -r-i  ft  4  i 

_ 

885bp 

203bp 

AlF=817bp  CD=862bp 


At,  5'-caggccctcagaacacctgc-3* 
F,  5'-cacgtgggctccctcaccggg-3' 

C,  5’-atgctcatggcgtccaccac-3’ 

D,  5'-ggaaggcagctgagcttctc-3’ 


AAA  3' 


(7)  Conclusions 

The  studies  conducted  over  the  four  years  of  the  funding  period  have  further  confirmed  our 
original  hypothesis  that  all  breast  cancers  produce  vasopressin  as  an  autocnne  growth  factor,  and  that  this 
property  can  be  utilized  to  develop  more  successful  treatments.  Expression  of  the  vasopressin  gene  seems 
to  be  associated  with  all  oncogenic  transformaion  of  breast  tissue  as  evidenced  by  the  presence  of 
vasopressin  gene  products  in  all  breast  cancers  examined,  the  absence  ofthese  products  from  all  vanettes 
of  fibrocystic  disease,  and  our  demonstration  that  all  carcinoma  in  situ  (DCIS)  exammed  expressed  these 
same  products.  We  our  findings  can  have  short-term  clinical  application  in  providing  earlier  detection  of 
breast  cancer  as  an  effective  way  to  distinguish  atypical  intraductal  hyperplasia  from  carcinoma  in  situ. 
There  is  no  other  simple  one-step  method  available  for  making  this  distinction. 


When  vasopressin  gene(s)  are  expressed  by  breast  cancers,  they  give  rise  to  normal  and  abnormal 
products.  Studies  conducted  by  us  on  trafficking  of  vasopressin  gene-related  products  by  breast  cancer 
cells  has  revealed  that  about  nine-tenths  of  the  proteins  become  components  of  theplasma  mCTibrmie  able 
to  provide  targets  for  antibodies  in  patients.  These  proteins  comprise  both  a  40  KDa  and  20  KUa  lorm. 
Antibodies  against  one  of  the  recognized  abnormal  structures  in  these  vasopressin  gene-related  proteins  are 
now  being  produced.  Such  new  or  already  available  antibodies  should  be  potentially  useful  in  later 
planned  immunodiagnosis  and  immunotherapies.  Alternatively,  antibodies  already  available  to  normal  VP- 
related  structures  should  also  be  effective  for  targeting  breast  cancer  in  patients. 

Vasopressin  seems  to  have  a  multifaceted  role  on  the  growth  and  physiology  of  breast  cancer  cells 
because  we  have  demonstrated  that  all  known  forms  of  vasopressin  receptor  subtypes  are  expressed  by 
these  cells.  The  complete  sequences  of  a  putative  receptor  named  hVACM  has  been  determined  by  us  and 
entered  in  the  Genebank.  Structures  for  vasopressin  Vla,  Vlb,  V2,  and  abnormal  V2  receptors  have  also 
been  determined.  Sequence  data  shows  they  have  the  same  sequences  submitted  to  the  Genebank  by  us  for 
vasopressin  receptor  subtypes  produced  by  small-cell  cacinoma  cells.  We  have  further  demonstrated  that 
through  one  or  more  ofthese  receptors,  vasopressin  is  able  to  alter  calcium  homeostatasis  and  activated 
MAPK  kinase  in  breast  cancer  cells. 


Although  this  represents  the  final  report,  we  still  anticipate  continuing  a  limited  number  of  studies 
with  some  carryover  funding  and  these  will  relate  to  regulation  of  vasopressin  gene  expression  and  the 
binding  of  antibodies  to  cancer  cells  in  vitro  and  in  vivo,  as  designed  to  satisfy  tasks  5  and  6  in  the  original 
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statement  of  work.  We  also  anticipate  publishing  more  of  the  above  data  and  will  forward  such 
publications  as  they  arise. 
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Summary 

Immunohistochemical  analysis  for  products  of  vasopressin  and  oxytocin  gene  expression  was  performed  on 
acetone-fixed  tissues  from  19  breast  cancers  representing  a  variety  of  tumor  sub-types.  Studies  employed  the 
avidin-biotin  complex  (ABC)  immunohistochemical  procedure  and  utilized  rabbit  polyclonal  antibodies  to 
arginine  vasopressin  (VP),  provasopressin  (ProVP),  vasopressin-associated  human  glycopeptide  (VAG),  ox¬ 
ytocin  (OT),  oxytocin-associated  human  neurophysin  (OT-HNP),  and  a  mouse  monoclonal  antibody  to  vaso¬ 
pressin-associated  human  neurophysin  (VP-HNP).  Western  Blot  analysis  was  performed  on  protein  extracts 
of  fresh-frozen  tissues  from  12  additional  breast  tumors.  While  VP  gene  related  proteins  were  not  detected  m 
normal  breast  tissue,  immunohistochemistry  revealed  the  presence  of  VP,  ProVP,  and  VAG  in  all  neoplastic 
cells  for  all  of  the  tumor  tissues  examined.  Vasopressin-associated  human  neurophysin  was  evident  m  on  y 
one  of  19  acetone-fixed  tumor  preparations.  However,  Western  blot  analysis  for  all  12  fresh-frozen  tumor 
samples  showed  the  presence  of  two  proteins,  42,000  and  20,000  daltons,  that  were  immunoreactive  with 
antibodies  to  VP,  VP-HNP,  and  VAG.  Oxytocin  and  OT-HNP,  by  immunohistochemistry,  were  found  to  be 
common  to  cells  of  normal  breast  tissues.  For  tumors,  positive  staining  for  OT  was  observed  m  8  of  18  tumors, 
while  OT-HNP  was  not  detected  in  any  of  the  tumors  examined.  These  findings  indicate  that  VP  gene  expres- 
sion  is  a  selective  feature  of  all  breast  cancers,  and  that  products  of  this  expression  might  therefore  be  useful  as 
markers  for  early  detection  of  this  disease  and  as  possible  targets  for  immunotherapy. 


Introduction 

Breast  cancer  is  the  leading  cause  of  death  among 
American  women  between  the  ages  of  40  and  55 
years.  It  has  been  predicted  that  12%  of  women, 
during  their  lifetime,  will  be  diagnosed  as  having 
this  cancer,  and  that  3.5%  will  die  of  the  disease  [1]. 
Efforts  are  therefore  currently  under  way  to  devel¬ 
op  improved  methods  for  the  earlier  detection  of 
breast  cancer,  and  more  effective  therapeutic  inter¬ 
ventions  [2-4].  It  is  likely  that  both  of  these  aims 


could  be  aided  by  the  identification  of  easily  detec¬ 
table  markers  of  this  disease.  One  or  more  vaso¬ 
pressin  gene  related  products  (VP,  VP-HNP,  VAG, 
and  ProVP)  have  been  shown  to  be  effective  mark¬ 
ers  for  most,  or  all,  small-cell  tumors  of  the  lung  [5, 
6].  Since  two  of  these  substances  are  released  from 
small-cell  tumors  into  the  circulation,  inappropri¬ 
ately  high  levels  in  the  plasma  of  most  patients  can 
be  employed  to  evaluate  treatment,  and  to  serve  as 
predictors  of  recurrent  disease  [5, 7].  As  well  as  this, 
VP  gene  expression  by  small-cell  carcinoma  of  the 
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lung  (SCCL)  leads  to  the  formation  of  Neurophy- 
sin-Related  Cell-Surface  Antigen  (NRSA),  a  com¬ 
ponent  of  the  plasma  membrane  of  these  tumors 
that  can  be  targeted  in  patients  with  antibodies  to 
neurophysin  [8, 9].  Oxytocin  gene  related  products 
have  also  been  identified  in  many  SCCL  tumors. 
With  respect  to  breast  cancer,  OT  is  known  to  be 
involved  in  the  physiology  of  human  mammary 
glands,  and  VP  has  been  reported  to  act  as  a  growth 
factor  for  some  mammary  tumor  cells  in  culture 
[10].  Therefore,  in  this  study,  antibodies  to  different 
VP  and  OT  gene-related  products  were  employed 
for  the  immunohistochemical  screening  of  an  ar¬ 
chival  library  of  breast  tumors  made  available 
through  the  Department  of  Pathology  at  the  Dart- 
mouth-Hitchcock  Medical  Center.  In  addition, 
Western  blot  analysis  was  performed  on  fresh-fro¬ 
zen  tumor  samples  with  three  of  the  antibody  prep¬ 
arations. 


Materials  and  methods 
Tissue  specimens 

Fresh  samples  of  breast  tumor  were  obtained  by 
surgical  resection  from  patients  treated  at  the  Dart- 
mouth-Hitchcock  Medical  Center.  These  tissue 
samples  represented  a  range  of  tumor  histological 
types  [11].  Of  the  19  tumor  samples  used  in  the  study, 
12  were  obtained  through  biopsy  of  the  breast,  5 
were  from  mastectomies,  and  2  were  from  metastat¬ 
ic  sites.  A  tissue  sample  of  normal  human  cerebral 
cortex,  and  tissue  samples  of  normal  human  pitui¬ 
tary  and  hypothalamus,  were  obtained  from  autop- 
sv,  and  these  served  as  negative  and  positive  con¬ 
trols  for  immunohistochemical  staining.  All  of  the 
tissues  were  fixed  with  acetone  using  the  AMeX 
procedure  [12],  and  then  embedded  in  paraffin. 
Fresh-frozen  tissues  from  12  additional  breast  tu¬ 
mors  used  in  Western  blot  analysis  were  obtained 
on  dry-ice  from  the  Cooperative  Human  Tissue 
Network,  Philadelphia,  PA. 


Polyclonal  antibodies 

Rabbit  polyclonal  antibodies  to  VP,  to  OT,  and  to  a 
synthetic  C-terminal  18  amino  acid  residue  of  vaso¬ 
pressin-associated  human  glucopeptide  (VAG.-.^) 
were  all  prepared  here  by  employing  the  purified 
substances,  coupled  to  thyroglobulin  with  glutaral- 
dehyde,  as  antigens.  Antibodies  to  VP  (Gonzo  3) 
have  been  successfully  employed  in  RIA  at  a  dilu¬ 
tion  of  1:80,000,  and  in  this  assay  showed  <  0.1% 
cross-reaction  with  OT  and  <  0.1%  cross-reaction 
with  vasotocin.  Hence,  Gonzo  3  would  seem  to  con¬ 
tain  VP  ring  directed  antibodies  as  dominant  con¬ 
stituents.  Antibodies  to  OT  (Kermit  5)  were  effec¬ 
tive  in  RIA  at  1:50,000,  and  displayed  <  0.2%  cross¬ 
reaction  with  VP  and  <  1%  cross-reaction  to  vaso¬ 
tocin.  This  preparation  is,  therefore,  believed  to 
comprise  chiefly  OT  tail-directed  antibodies.  The 
OT-HNP  antibody  preparation  (Archie  3)  has  been 
described  previously  [13],  and  seems  to  contain 
dominant  antibodies  directed  against  the  unique  N- 
terminal  region  plus  one  of  the  conserved  central 
sequences  of  this  protein.  The  first  three  w  ere  used 
in  immunohistochemical  studies  at  dilutions  of 
from  1:200  to  1:400:  VAG  antibodies  (Boris  Y2) 
were  used  at  dilutions  of  from  1:600  to  1:1000. 

Rabbit  polyclonal  antibodies  (YL3)  that  recog¬ 
nize  the  tripeptide  bridge  connecting  VP  to  VP- 
HNP  in  Pro  VP  were  a  generous  gift  from  Joseph 
Verbalis  of  Pittsburgh,  PA.  Dr.  Verbalis  employed  a 
synthetic  dodecapeptide  that  represents  the  tripep¬ 
tide  tail  of  VP,  the  tripeptide  bridge,  and  the  first  six 
amino  acid  residues  of  VP-HNP  as  antigen  for  rais¬ 
ing  these  antibodies.  These  antibodies  were  shown 
[14]  to  uniquely  react  with  ProVP,  and  not  with  VP 
or  VP-HNP.  In  the  present  studies  they  were  used  at 
serum  dilutions  of  from  1:200  to  1:600. 


Monoclonal  antibodies 

A  monoclonal  antibody  (Nabl)  to  VP-HNP,  that 
was  generated  through  hybridoma  technology  by 
one  of  us  (WGN),  was  also  utilized  in  immunohis¬ 
tochemical  studies  and  Western  Blot  Analysis.  The 
antibody  was  obtained  from  mouse  ascites  by  affin¬ 
ity  chromatography  on  a  colmn  of  VP-HNP-Sepha- 
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rose  [9],  and  used  at  concentrations  from  0.025  to 
0.05  pg/ml.  This  antibody  showed  <  1%  cross-reac¬ 
tion  with  OT-HNP  in  RIA. 


Immunohistochemical  staining 

Tissue  sections  of  4  urn  were  examined  using  the 
avidin-biotin  complex  (ABC)  immunohistochemi- 
cal  procedure  (Vector  Laboratories,  Burlingame, 
CA).  Following  the  removal  of  paraffin  by  washing 
in  xylene  (3x5  min)  and  acetone  (30  sec),  tissue 
sections  were  rinsed  with  PBS  (2  x  j  min)  and  in¬ 
cubated  with  1.5%  goat  serum  (for  studies  with  rab¬ 
bit  antibodies)  or  1.5%  horse  serum  (for  studies 
with  the  mouse  monoclonal  antibody),  supplied  by 
Vector  Laboratories,  at  ambient  temperature  to 
block  non-specific  binding.  After  removal  of  block¬ 
ing  serum  by  aspiration,  tissues  were  incubated  with 
the  relevant  primary  antibody  diluted  with  10% 
aoat  serum  (polyclonal  antibodies),  or  10%  horse 
serum  (monoclonal  antibody),  at  4s  C  for  24  hr.  Pri¬ 
mary  antibody  was  removed  by  rinsing  in  PBS  (2x3 

min),  and  biotinylated  secondary  antibody,  com¬ 
prising  either  goat  anti-rabbit  IgG  or  horse  anti¬ 
mouse  IgG,  applied  at  a  concentration  of  20  pg/ml 
for  30  min  at  ambient  temperature.  Following  the 
removal  of  unbound  secondary  antibody  with  PBS 
(2x3  min),  endogenous  peroxidase  was  blocked 
with  a  methanol  solution  containing  3%  hydrogen 
peroxide  [15].  Tissues  were  then  rinsed  with  PBS 
and  incubated  with  an  avidin-peroxidase  complex 
(25  pg/ml)  for  30  min  at  ambient  temperature.  Ex¬ 
cess  complex  was  removed  with  PBS  (2x3  min), 
and  the  bound  complex  was  visualized  by  the  perox¬ 
idase  oxidation  of  S^-diaminobenzidine  over  3 
min  when  presented  as  a  0.2  mg/ml  solution  with 
0.03%  hydrogen  peroxide.  Counterstaining  w>as 
performed  with  hematoxylin.  Tissues  were  then  de¬ 
hydrated  through  increasing  concentrations  of  eth¬ 
anol  to  xylene  and  coverslipped  with  permount.  In 
order  to  record  findings  with  black  and  white  pho¬ 
tography,  this  counterstaining  was  later  removed 
with  acid-alcohol  (0.S  M  HC1  in  95%  ethanol).  Lack 
■  of  staining  in  sections  incubated  with  normal  serum 
instead  of  primary  antibody  preparations  was  used 
to  demonstrate  antibody  specificity. 


Western  Blot  analysis 

Protein  from  finely  minced  tumor  tissue  was  ex¬ 
tracted  by  sonication  in  100  volumes  of  0.1  M  HC1. 
Suspensions  were  centrifuged  at  1500  x  g  for  10  min 
at  ambient  temperature,  and  soluble  protein  was 
then  precipitated  with  40%  TCA.  This  protein  was 
pelleted  by  centrifugation  at  10,000  x  g  for  2  min. 
"PC A  was  then  removed  from  pellets  by  washing 
(x  2)  with  ether.  Protein  was  resuspended  in  0.1  M 
Tris  HC1  (pH  8.7),  reduced  with  mercaptoethanol  at 
100°  C  for  5  min  (and  in  some  cases  S-alkvlated  with 
N-ethyl  maleimide),  and  subjected  to  SDS-PAGE 
electrophoresis  on  15%  gels  at  pH  9.3  using  the 
method  of  Laemeli  [16].  Separated  proteins  were 
then  electrophoretically  transferred  with  20  mM 
Tris  glycine  (pH  8.0)  to  Immobilon  (PVDF)  mem¬ 
branes.  These  membranes  were  blocked  with  a  5% 
non-fat  milk  solution,  washed  (1  x  15  min,  2x5  min) 
with  PBS  containing  0.5%  Triton,  and  reacted  with 
preparations  of  mouse  monoclonal  antibody  to  VP- 
HNP,  with  rabbit  polyclonal  antibodies  to  VP,  with 
rabbit  polyclonal  antibodies  to  VAG,  or  with  ubiq¬ 
uitous  mouse  or  rabbit  IgG  (negative  controls),  for 
1  h  at  ambient  temperature.  Following  a  second 
wash  in  PBS-Triton  (1  x  15  min,  2x5  min),  the  mem¬ 
branes  were  treated,  respectively,  with  goat  anti¬ 
mouse  IgG-horseradish  peroxidase  conjugate  or 
goat  anti-rabbit  IgG-horseradish  peroxidase  conju¬ 
gate  for  1  h,  and  then  washed  with  PBS-Triton  (1  x 
15  min,  4x5  min).  Immunore active  proteins  were 
visualized  using  an  ECL  Western  Blotting  Detec¬ 
tion  System  with  exposure  of  x-ray  film  from  10  sec¬ 
onds  to  5  min.  Prestained  SDS-PAGE  standard  pro¬ 
teins  were  employed  as  molecular  size  markers. 


Results 

Jmmunostaining  with  antibodies  to  VP,  ProVP, 
and  VAG 

All  tumor  cells,  for  all  tumor  specimens  examined, 
showed  intense  positive  immunological  staining 
with  antibodies  to  VP,  and  to  the  C-terminal  region 
of  VAG.  Positive  immunostaining  with  antibodies 
to  the  bridging  region  of  ProVP  w’as  found  in  11  of  14 
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FH.  I  Ace  tone -fixed  breast  carcinoma  shoeing  colloid-type  inclusions.  Positive  staining  with  rabbit  polyclonal 

using  the  Avidin-biotin  complex  immunohistochemical  procedure  and  peroxidase  oxidation  of  w  diammobenadme  (magmfi 


x  1500). 


tumors  tested.  Tumor  tissues  represented  all  forms 
that  typify  breast  carcinoma  (Table  1).  Figure  1  rep¬ 
resents  a  colloid  carcinoma  and  immunostaining 
obtained  with  antibodies  to  VP.  Figure  2  is  the  im¬ 
munostaining  that  typified  the  reaction  of  infiltrat¬ 
ing  lobular  carcinoma  with  antibodies  to  VAG.  No 
immunostaining  of  the  normal  connective  and  glan¬ 
dular  tissues  surrounding  tumors,  or  with  cerebral 
cortex,  was  obtained  with  antibodies  to  VP,  ProVP, 
or  VAG. 


Immunostaining  with  antibodies  to  OT 
and  VP-HNP 

Some  tumor  tissues  (8  of  18  tested),  as  well  as  sur¬ 
rounding  normal  glandular  tissue,  stained  with 
polyclonal  antibodies  to  OT.  Oxytocin-associated 
human  neurophysin  was  not  detected  in  any  of  the 
19  tumors  examined.  The  mouse  monoclonal  anti¬ 
body  to  VP-HNP  failed  to  react  with  all  but  one  of 
the  19  tumor  specimens  (an  infiltrating  lobular  car¬ 
cinoma)  and  gave  no  immunostaining  of  surround¬ 
ing  normal  tissues. 


Western  blot  analysis  with  antibodies  to  VP 
and  VP-HNP  and  VAG 

Both  polyclonal  antibodies  to  VP  and  VAG  and  the 
mouse  monoclonal  antibody  to  VP-HNP  gave  simi¬ 
lar  patterns  of  immunoreactive  proteins  with  elec- 
trophoretograms  from  Western  blot  analysis  of  12 
fresh-frozen  tissues  of  breast  cancer.  In  each  case, 
immunoreactive  proteins  were  discerned  with  ap¬ 
parent  molecular  weights  of  40,000  and  20,000  dal- 
tons.  In  addition  to  these,  the  antibody  to  VP-HNP 
reacted  weakly  with  a  protein  of  approximately 
10.000  daltons.  The  pattern  obtained  for  four  tumor 
samples  with  the  antibody  to  VP-HNP  is  represent¬ 
ed  in  Fig.  3. 


Discussion 

The  results  obtained  in  this  study  indicate  that  the 
VP  gene  is  expressed  by  all  breast  cancers,  and  that 
VP  is  a  product  common  to  all  these  tumors  while 
being  immunologically  absent  from  surrounding 
normal  breast  tissue.  This  tumor  VP  could  be  per- 


Fig.  2.  Aceione-lixed  breast  carcinoma  of  the  infiltrating  lobular  sub-type  showing  positive  immunostaining  och e mi«t rv  with 

bodies  to  vasopressin-associated  human  glycopeptide.The  procedure  employed  was  avidin-bionn  complex  immunohistochemi-try 

peroxidase  oxidation  of  33*  diaminobenzidine  (magnification,  x  480). 


Table  7.  Presence  of  vasopressin  and  oxytocin  gene  related  products  in  human  breast  cancer 


Cancer  subtype 

VP  gene  related  antigens* 

VP 

vag 

VPRG 

ProVP 

Infiltrating  ductal 

na 

- 

4 

na 

Infiltrating  ductal 

+ 

— 

4 

4 

Infiltrating  ductal 

4 

- 

4 

4 

Infiltrating  ductal 

+ 

4 

4 

4 

Infiltrating  ductal 

4 

- 

+ 

4 

Infiltrating  ductal 

+ 

- 

4 

Infiltrating  ductal 

+ 

+ 

4 

Infiltrating  ductal 

+ 

- 

+ 

na 

Infiltrating  ductal 

+ 

- 

■4 

4 

Infiltrating  ductal 

+ 

- 

4 

4 

Infiltrating  ductal 

+ 

4 

Infiltrating  ductal 

+ 

— 

4 

Colloid 

+ 

-  - 

4 

4 

Colloid 

+ 

- 

4 

na 

Colloid 

+ 

- 

+ 

4 

Colloid 

+ 

- 

4 

4 

Infiltrating  tubular 

.  + 

- 

4 

na 

Infiltrating  tubular 

+ 

- 

4 

4 

Infiltrating  lobular 

4 

- 

4 

na 

Total  positive 

1S/1S 

1/19 

19/19 

11/14 

OTgene  related  antigens* 


OT 

na 

+ 

+ 


+ 


OT-HNP 


4 


+ 

4 

+ 


8/18  0/19 


Positive  (4)  or  negative  (-)  immunoreactivity  using  antibody  preparations  and  the  ABC  procedure,  na  =  not  attempted. 


234 


WG  North  ct  al. 


<9.5  Kd. 


32.5  Kd. 

27.5  Kd. 

18.5  Kd. 


Fig.  3.  Western  blot  analysis  from  SDS-PAGE  (15%)  showing 
mercaptoethanol-reduced  proteins  from  four  biopsied  human 
breast  tumors  that  were  immunoreactive  with  a  mouse  mono¬ 
clonal  antibody  (NAb  1)  to  vasopressin-associated  human  neu- 
rophvsin.  The  PVDF  membrane  was  blocked  ^  n°n-fat  milk 
as  a  5%  solution  in  PBS-Triton.  Incubations  with  0.5  pg/ml  pn- 
marv  antibody,  and  then  with  goat  anti-mouse  IgG-horseradish 
peroxidase  conjugate  (BRL),  in  5%  nonfat  milk,  were  each  per¬ 
formed  for  lh  at  room  temperature.  Immunoreactive  proteins 
were  visualized  on  x-ray  film  exposed  to  the  membrane  for  5 
min. 


forming  a  role  as  an  autocrine  growth  factor  in  the 
same  manner  as  it  appears  to  do  for  many  small-cel 
tumors  of  the  lung  [17].  Taylor  and  coworkers  [10] 
have  shown  that  VP  may  he  an  important  growth 
modulator  of  human  breast  cancer,  and  other  work¬ 
ers  [18]  have  described  a  growth-promoting  action 
of  the  peptide  on  rat  mammary  tumors  in  culture. 

While  the  origin  of  human  breast  cancer  is  not  yet 
dear,  an  increased  risk  is  associated  with  atypical 
hyperplasia,  especially  of  both  ductal  and  lobular 
types.  It  is  possible  that  some  hyperplastia  condi¬ 
tions  become  malignant  as  a  consequent  of  an  over¬ 
production  of  growth  factors  by  the  affected  cells. 
Since  VP  was  found  to  be  common  to  all  of  the 
breast  tumors  examined  in  this  study,  it  is  conceiv¬ 
able  that  this  peptide  is  also  a  marker- of  those  pro¬ 
liferating  cells  that  serve  as  progenitors  of  breast 
cancer.  Such  a  hypothesis  is  readily  testable  and,  if 
true,  might  lead  to  a  method  for  recognizing  pre- 
cancerous  cells  in  patient  biopsies. 

Vasopressin-associated  human  glycopeptide  was 
another  marker  immunologically  identified  in  all  of 
the  breast  cancers  examined.  This  secretory  prod¬ 
uct  of  hypothalamic  neurons  has  yet  to  have  a  de¬ 
fined  physiological  function.  However,  VAG  has 
been  demonstrated  to  be  a  component  of  NRS A  in 
SCCL,  and  as  such  is  a  possible  target  on  the  plasma 
membrane  of  these  cells  for  radiodiagnostic  imag¬ 
ing  and  immunotherapy  [9].  If  this  entity,  as  a  com¬ 


ponent  of  proteins,  also  becomes  incorporated  into 
the  plasma  membranes  of  breast  cancer  cells,  it 
would  then  seem  to  be  an  ideal  candidate  through 
which  imaging  and  treatment  of  this  disease  could 
be  carried  out.  In  support  of  this  possibility  are  the 
findings  presented  here  from  Western  Blot  analysis 
of  VAG  immunoreactivity,  that  demonstrate  it  to  be 
associated  with  a  larger  protein(s)  of  same 
molecular  size  as  those  found  to  occur  in  SCCL  [8J- 
These  are  proteins  of  40,000  and  20,000  daltons  that 
aho  react  with  antibodies  to  VP  and  VP-HNP.  Nev¬ 
ertheless,  differences  between  the  products  of 
breast  cancer  cells  and  small-cell  tumors  are  indi¬ 
cated  by  the  failure  of  our  monoclonal  antibody  to 
VP-HNP  to  positively  stain  all  but  one  of  the  breast 
cancer  specimens,  even  though  this  antibody  reac¬ 
ted  with  breast  cancer  proteins  in  Western  blot 
preparations.  This  suggests  there  might  be  even 
more  conformational  abnormalities  in  breast  can¬ 
cer-produced  neurophysin  structures  than  occur  m 
small-cell  carcinoma,  and  this  in  turn,  might  reflect 
more  sienificant  substitutions  and/or  omissions  m 
the  exon  B  and  exon  C  regions  of  the  expressed  VP 
sene  of  breast  cancer  cells.  Staining  of  similar  in¬ 
tensity  with  VP  antibodies  and  antibodies  to  the 
peptide  bridging  region  of  ProVP  for  most  tumors 
makes  it  less  likely  that  significant  abnormalities 
are  present  in  the  exon  A  region  of  the  VP  gene(s) 
expressed  by  breast  cancer  cells  [19].  ' 

Oxytocin,  in  contrast  to  VP  gene  related  prod¬ 
ucts,  appeared  to  be  common  to  both  normal  breast 
tissue  and  some  tumor  cells.  Staining  for  OT  y,  as 
evident  in  2  of  4  tumors  of  the  colloid  sub-type,  in  5 
of  12  ductal  tumors,  and  in  1  out  of  2  of  the  tubular 
sub-type,  but  was  not  evident  in  the  one  lobular  tu¬ 
mor  examined.  The  data  indicated  that  overall,  the 
OT  gene  is  expressed  in  about  44%  of  breast  carci¬ 
nomas,  although  there  is  evidence  that  gene  expres¬ 
sion  may  be  abnormal  because  none  of  the  tumors 
appeared  to  contain  a  structure  immunologically 
identified  as  OT-HNP. 

Hence,  only  VP  gene  expression  would  seem  to 
be  a  universal  feature  of  breast  carcinoma.  While 
there  is  evidence  that  this  VP  gene  gives  rise  to  ab¬ 
normal  protein  products,  these  products  are  always 
recognized  in  immunological  studies  by  antibodies 
to  VP  and  VAG.  These  substances,  would  therefore 
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appear  to  represent  important  markers  of  this  dis¬ 
ease  and,  as  such,  could  be  effectively  utilized  in  its 
diagnosis  and  treatment. 
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Abstract _ Expression  of  the  vasopressin  gene  appears  to  be  a  property  common  to  all  small¬ 

cell  lung  tumours.  For  some  cultures  of  small-cell  lung  carcinoma  (SCCL),  Northern  and  Wes  ern 
Blot  analyses  have  revealed  that  expression  of  this  gene  and  its  protein  PJ'od,^ct®  ^  Jinn 

by  cAMP  and  glucocorticoids.  In  this  study,  these  evaluations  have  been  extended  by  exa m  g 
the  production  of  vasopressin-associated  human  neurophysin  (VP-HNP)  by  computer-enhanced 
quantitative  immunocytochemistry  in  a  classical  cell-line  (H69)  of  SCCL,  and  defming  the 

amount  of  protein  in  cells  by  area  of  positive  staining  above  |n  arbJJ^^lly  s.et^?anH  IBMX 
Intracellular  cAMP  was  raised  by  incubating  cells  with  either  8,Br-cAMP  (0.5  mM)  and  IBMX 
(0  5  mM),  or  with  forskolin  (25  ,/M)  and  IBMX  (0.5  mM).  Both  of  these  treatments  caused  a 
significant  increase  in  the  amount  of  positive  VP-HNP  immunoreactivity  in  the  cells,  an  '^ase 
that  was  further  enhanced  by  simultaneous  administration  °f  dexamethasone  (0.1  |iM).  Addrtion 
of  dexamethasone  alone,  however,  caused  a  significant  decrease  m  VP-HNP  levels.  Resu'ta 
confirm  earlier  findings  from  Western  Blot  analysis  revealing  the  influence  these  agents  have 
on  production  of  vasopressin  gene-related  proteins  by  H69  cells,  and  indicate  that  c°mPuter* 
enhanced  quantitative  immunocytochemistry  can  be  effectively  used  to  provide  a  suitable  index 
of  this  production. 


Introduction 

The  physiological  parameters  that  regulate  the 
expression  of  vasopressin  (VP)  in  the  central  ner¬ 
vous  system  are  dependent  upon  cell  type  and 
locale.  Perhaps  the  most  widely  recognized  stimuli 
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for  VP  production  are  increases  in  osmolality  and 
reduction  in  blood  volume.  These  changes  are 
known  to  increase  synthesis  by  magnocellular  neu¬ 
rons  in  the  hypothalamus,1'5  through  processes 
thought  to  involve  cAMP.*'8  In  the  parvocellular 
subdivision  of  the  paraventricular  nucleus,  levels 
of  VP-mRNA  are  reduced  by  glucocorticoids, 9'1J 
while  neurons  in  the  suprachiasmatic  nucleus  vary 
their  expression  of  VP  depending  upon  the  time  of 
day.13'17  In  extrahypothalamic  regions  of  the  brain, 
androgens  inhibit  peptide  production  by  vaso- 
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pressinergic  cells  of  the  bed  nucleus  of  the  stria 

terminalis.'8'19  . 

In  contrast  to  the  well-regulated  expression  ot 
VP  by  neurons  of  the  central  nervous  system, 
expression  of  the  peptide  by  small-cell  carcinoma 
of  the  lung  (SCCL)  has  long  been  thought  to  be 
largely  autonomous.20  SCCL  production  also 
involves  the  generation  of  unusual  forms  of  vaso¬ 
pressin-associated  human  neurophvsin  (VP-HNP), 
that  become  incorporated  into  the  cell  membrane 
as  NRSA  (Veurophysin-Related  Cell  Surface  Anti¬ 
gen)  instead  of  being  secreted.  However,  Verbeeck 
and  co-workers  were  able  to  show  for  one  classical 
SCCL  cell  line  that  VP  mRNA  levels  are  influenced 
by  cAMP  and  glucocorticoids.21  Additionally,  in 
this  laboratory,  these  agents  were  shown  to  also 
influence  the  production  of  VP-HNP  and  NRSA 
by  four  different  cell  lines  of  classical  SCCL.-  “  In 
this  study,  affinity  purified  antibodies  were 
employed  in  conjunction  with  computer  enhanced 
imaging  to  confirm  that  classical  SCCL  has  the 
capacity  to  regulate  VP  gene  expression. 


Materials  and  methods 
Cell  culture 

SCCL  H69  cells  (American  Type  Culture  Collec¬ 
tion,  Rockville,  MD,  USA)  were  grown  in  75  cm2 
tissue-culture  flasks  containing  30  ml  of  RPMI 
medium  (JRH  Biosciences,  Lenexa  KS,  USA)  with 
10%  fetal  bovine  serum  and  gentamicin  (50  ;<g/ml, 
United  States  Biochemical  Corporation,  Cleveland, 
OH,  USA).  In  experiment  A,  cells  were  treated  with 
either  a  combination  of  isobutvl-methylxanthine 
(1BMX,  0.5  mM)  and  forskolin  (25  /<M,  Sigma,  St 
Louis,  MO,  USA)  or  vehicle  (0.1%  ethanol).  For 
experiment  B,  cells  were  divided  into  four  groups: 
the  first  group  was  incubated  with  1BMX  (0.5  mM) 
and  8,bromo-cAMP  (0.5  mM,  Boehringer  Mann¬ 
heim,  Germany);  the  second  group  with  dexame- 
thasone  (0.1  jjM,  Sigma);  the  third  group  with 
1BMX  (0.5  mM),  8,bromo-cAMP  (0.5  mM),  and 
dexamethasone  (0.1  /iM);  and  the  fourth  group  with 
vehicle  as  a  control.  Incubation  with  these  reagents 
was  carried  out  for  periods  of  2-8  d.  Media,  con¬ 
taining  the  appropriate  reagcnt(s),  was  changed 
every  48  h.  Two  days  prior  to  immunocytochemical 
staining,  cells  were  transferred  to  a  Lab-Tek  tissue 
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culture-chamber/slide  (Miles  Scientific,  Naperville, 

1L,  USA),  containing  S  x  1  cm2  wells. 

Immune  cytochemistry 

Following  removal  of  the  culture  medium,  cells 
were  fixed  by  immersion  in  acetone  for  2  min.  The 
fixative  was  removed  by  two  3-min  washes  with 

phosphate-buffered  saline  (PBS). 

The  avidin-biotin  complex  (ABC)  imrnuno- 
histochemical  procedure  used  in  this  study  w>as 
based  on  that  by  Guesdon  et  al24  and  its  use  in  our 
laboratory  has  been  more  fully  described  in  earlier 
publications.25"6  All  incubations  were  carried  out 
at  room  temperature  and  cells  were  not  pretreated 
with  a  hydrogen  peroxide  and  methanol  solution 
because  H69  cells  do  not  display  any  endogenous 
peroxide  activity  in  the  ABC  immunocytochemical 
procedure.  The  primary  antibody  solution  con¬ 
sisted  of  a  rabbit  polyclonal  preparation,^  Ralph- 
4(88).  that  w’as  directed  against  VP-HNP.  Bio¬ 
tinylated  anti-rabbit  goat  serum  was  employed  as 
the  secondary  antibody  solution.  To  improve  speci¬ 
ficity  and  reduce  background,  the  primary  anti¬ 
bodies  were  purified  on  a  column  contairiing 
Sepharose-bound,  purified,  VP-HNP.22  Prior  to 
use.  the  purified  antibodies  were  diluted  to  a  con¬ 
centration  of  27  g g/ml.  Antibody  specificity  was 
further  determined  by  the  positive  identification  of 
magnocellular  neurons  in  paraffin-embedded  sec¬ 
tions  of  hypothalamus,  a  lack  of  staining  in  H69 
cells  when  normal  goat  serum  was  substituted  for 
primarv  antibody,  and  the  inability  of  antibody  to 
label  cultured  fibroblast  cells.  Following  the  visual¬ 
ization  step  with  3,3'  diaminobenzidene,  cells  were 
dehydrated  in  ascending  ethanols  to  xylene  and 
coverslipped. 

Image  analysis 

The  area  of  staining  for  VP-HNP  was  quantitated 
using  a  microcomputer  imaging  device  (MCID, 
Imaging  Research,  Inc.,  Toronto,  Canada).  An 
Olympus  BH-2  microscope  equipped  with  a  10  x 
objective,  and  a  Sierra  Solid  State  camera  were  used 
to  project  the  field  view  onto  a  RGB  Electrohome 
Video  Monitor.  Computer  analysis  of  this  monitor 
determined  the  optical  density  of  the  screen  pixels, 
represented  by  a  scale  of  256  gray  levels.  Two 
optical  density  thresholds  were  selected  prior  to 
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quantitation,  a  lower  value  that  comprised  a  back- 
sround  of  total  cell  area  and  a  higher  one  that 
represented  positive  immunostaining.  The  same 
optical  thresholds  were  used  throughout  the  analy¬ 
ses  for  each  experiment.  Using  these  thresholds, 
the  computer  scanned  the  cells  displayed  on  the 
monitor  to  determine,  in  pixels,  the  total  cell  area 
(At)  and  the  area  stained  for  VP-HNP  (As) 

1A  &  IB).  The  area  of  immunoreactivity,  or  per¬ 
centage  of  cell  area  staining  for  VP-HNP  (%AS), 
was  calculated  using  the  following  formula: 
o/0As  =  100  x  As/At.  To  ensure  adequate  and  non- 
biased  sampling,  each  treatment  group  was  ana¬ 
lyzed  using  a  grid  containing  1  mm2  squares.  The 
arid  was  aligned  over  the  borders  of  each  slide-well 
examined,  and  the  %AS  was  determined  only  in 
arid  squares  containing  a  total  cell  area  of  greater 
Than  1500  pixels  (representing  approximately  15- 
20  cells).  This  technique  resulted  in  sampling  an 
average  of  26  (±4  SEM)  grid  squares  per  treatment 
group.  The  mean  %AS  for  each  treatment  group 
was  calculated  front  these  values.  Statistical  sig¬ 
nificance  (p  <  0.05)  was  determined  using  an  un¬ 
paired  Student’s  two-tailed  t-test  for  experiment  A 
and  analysis  of  variance  (ANOVA)  for  experiment 
B.  A  significant  ANOVA  was  followed  by  a  Fisher  s 
post-hoc  comparison. 


Results 

Sewophysin  innmmoreaciiviiy 
H69  cells  displayed  a  heterogeneous  pattern  of  VP- 
HNP  staining,  with  some  cells  strongly  imntuno- 
reactive  and  others  only  slightly  so.  As  was  found 
earlier  for  neurophysin  immunoreactivity  of  the 
SCCL  cell  line  DMS-240,28  the  majority  of  staining 
in  many  cells,  both  treated  and  untreated,  was  local¬ 
ized  to  one  side  of  the  cell  and  was  closely  associated 
with  the  plasma  membrane  (Fig.  1 B).  This  localized 
staining  was  clearly  undiminished  by  any  of  the 
treatments,  although  it  could  not  be  quantitated. 
Staining  was  not  observed  in  H69  cells  when  normal 
coat  serum  was  substituted  for  primary  antibody, 
or  in  cultured  fibroblast  cells  incubated  with  the 
same  concentration  of  Ralph-4(88)  that  labelled 
H69  cells. 


Fi°.  1  (A)  The  total  cell  area  <A:).  represented  in  white,  ot  a 
s roup  of  H69  cells  on  the  RGB  Electrohome  Video  Monitor, 
comprising  all  pixels  with  a  density  above  background.  tB)  The 
area  stained  for  VP-HNP  (Ao.  also  represented  m  white,  ol  the 
same  group  of  H69  cells  sliO'^n  »n  (A). 

Experiment  .*1 

The  results  from  experiment  A  are  summaiizcd  in 
Fiaure  2.  After  2  days  of  treatment  with  1BMX 
and  forskolin,  the  percentage  of  cell  area  showing 
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Fig.  2  Distribution  of  VP-HNP  immunoreactirity  in iH» c  + SEM.  Nndic^es  a  sknTfican'Srenfe 

forskoiin  (closed  bars).  Values  are  expressed  as  percent  control  and  error  bars  represent  ion- 

from  control. 


imrnunoreactivity  for  VP-HNP  was  less  than  that 
in  the  cells  receiving  vehicle.  Although  not  sig¬ 
nificant,  by  day  4  of  treatment  this  change  appeared 
to  be  reversed,  with  an  observed  marginal  increase 
in  the  area  of  VP-HNP  imrnunoreactivity  over  that 
of  vehicle.  By  day  6  of  treatment,  the  area  stained 
for  VP-HNP  was  roughly  1 .5  times  that  in  the  con¬ 
trol  group. 

Experiment  B 

The  effects  of  treating  H69  cells  with  different  com¬ 
binations  of  IBMX,  8,bromo-cAMP,  and  dexame- 
thasohe  on  VP-HNP  imrnunoreactivity  in  H69  cells 
are  summarized  in  Figure  3A,  B  and  C.  On  day 
2  of  treatment,  cells  incubated  with  IBMX  plus 
8,bromo-cAMP  displayed  a  greater  area  of  VP- 
HNP  imrnunoreactivity  than  control  cells,  while 
treatments  with  dexamethasone  alone,  or  with  a 
combination  of  dexamethasone,  IBMX  and 
8,bromo-cAMP,  significantly  decreased  the  area  of 
VP-HNP  staining  (Fig.  3A).  After  4  days  of  treat¬ 
ment,  the  effects  obtained  were  the  same  as  those 
after  2  days,  with  the  notable  exception  that  cells 
exposed  to  all  three  drugs  had  a  larger  percentage 
area  staining  for  VP-HNP  than  the  cells  in  both  the 
control  aroup  and  the  group  treated  with  IBMX 
and  8,Br-cAMP  (Fig.  3B).  By  day  8  of  treatment, 
■  any  influence  of  these  reagents  on  the  area  of  neuro- 
physin  staining  was  no  longer  detectable,  with 


analysis  of  variance  revealing  no  significant  differ¬ 
ences  among  all  of  the  groups  examined  (Fig.  3C). 


Discussion 

Cyclic  AMP-dependent  processes  (mediated  by 
protein  kinase  A)  and  glucocorticoids  have  been 
implicated  in  the  regulation  of  hypothalamic  VP 
sene  expression.6"1'  The  results  of  this  study  indi¬ 
cate  these  factors  can  also  influence  VP  production 
bv  classical  SCCL.  Since  treatment  did  not  diminish 
st  aining  at  the  plasma  membrane  of  cells,  and  since 
there  is  very  minimal  release  of  protein  by  these 
cells,  an  increase  in  the  area  of  staining  is  concluded 
to  represent  an  increase  in  VP-HNP  production. 
This  conclusion  is  supported  by  Western  Blot 
analysis  and  cytofluoremetry  performed  on  H69 

cells.32-3  .  , 

In  the  first  experiment,  we  sought  to  indirectly 
stimulate  protein  kinase  A  in  H69  cells  by  activating 
endogenous  adenyl  cyclase  with  forskoiin  and 
inhibiting  phosphodiesterase  with  IBMX.  After  6 
days,  this  treatment  caused  an  increased  dis¬ 
tribution  of  imrnunoreactivity  for  VP-HNP  (Fig. 
2).  Direct  stimulation  of  protein  kinase  A  with  8,Br- 
cAMP,  in  the  presence  of  IBMX,  confirmed  our 
initial  finding  indicating  that  protein  kinase  A  acti¬ 
vation  increases  VP-HNP  imrnunoreactivity  in  H69 
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Fio  3  Distribution  of  VP-HNP  immunorf  activity  in  H69  cells  treated  with  combinations  oflBMX  S.bromo-cAMP.  and  dexame- 
thasone  after  ’  (Fie  3  A)  4  (Fia.  3BV.  and  8  (Fis.  4C)  davs.  Values  of  %AS  were  compared  using  ANO\  A  and  are  expressed  relative 
to  control.  *  Represents  a  significant  difference  when  compared  to  control,  and  **  in  Figure  3B  indicates  a  significant  difference 

from  immunoreactivity  in  cells  treated  with  1BMX, S.bromo-cAMP  or  vehicle.  Error  bars  represent  xS  - 
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cells.  On  days  2  and  4  of  treatment,  cells  cultured 
with  8,Br-cAMP  and  1BMX  increased  production 
of  neurophysin  (Figs  3A  &  B).  Unlike  indirect 
stimulation  of  protein  kinase  A  with  IBMX  and 
forskolin,  cells  treated  with  8,Br-cAMP  and  IBMX 
did  not  display  a  transient  decrease  in  neurophysin 
production  on  the  second  day  of  treatment.  This 
transient  decrease  might  therefore  have  been  due  to 

an  early,  independent  effect  of  forskolin. 

Supporting  the  finding  that  VP-HNP  synthesis  is 
increased  by  these  drugs  are  results  from  a  number 
of  studies  that  have  revealed  stimulation  of  intra¬ 
cellular  cAMP  levels  produces  an  enhanced 
expression  of  the  VP  gene.  Young  and  co-workers6 
reported  that  dehydration  caused  an  increase  in 
both  hypothalamic  VP-mRNA  and  the  mRNAs  for 
the  G-proteins  that  regulate  adenyl  cyclase  activity, 
and  others  have  demonstrated  a  positive  correlation 
between  hypothalamic  cAMP  levels  and  VP- 
mRNA  during  osmotic  stress.7-8  More  particularly 
related  to  the  present  study,  Verbeeck  et  al,  working 
with  the  classical  SCCL  cell  line  GLC-8,  found  that 
incubation  for  2  days  with  8,Br-cAMP  and  IBMX 
doubled  the  level  of  VP-mRNA.29  Moreover,  West¬ 
ern  analysis  has  demonstrated  that  the  intracellular 
levels  of  VP-HNP  are  increased  by  8,Br-cAMP  and 
IBMX  for  the  cell  line  studied  here  (H69)  and  for 
additional  cell  lines  of  classical  SCCL.*2—' 

Other  actions  of  forskolin,  IBMX,  and  8,Br- 
cAMP  must  also  be  considered  when  interpreting 
their  effects  on  VP-HNP  immunoreactivity  in  H69 
cells.  It  has  been  suggested,  for  instance,  that  for¬ 
skolin,  even  at  concentrations  lower  than  that  used 
in  our  study,  can  indirectly  stimulate  protein  kinase 
C/°  Interestingly,  Verbeeck  et  al21  found  that  stimu- 
lation  of  protein  kinase  C  with  phorbol  esters 
increased  VP-mRNA  in  SCCL  cells,  although  sub¬ 
sequent  work  by  others  did  not  reveal  such  a 
response  in  cultures  of  hypothalamic  neurons/1 
Expression  of  the  VP  gene  in  parvocellular  neu¬ 
rons  of  the  paraventricular  nucleus  is  thought  to  be 
suppressed  by  circulating  levels  of  gluco¬ 
corticoids.9"12  In  rats,  adrenalectomy  greatly 
enhances  the  level  of  VP-mRNA  in  these  neurons, 
an  effect  that  is  reversed  by  administration  of 
dexamethasone.9  Our  current  finding  that  dexarne- 
thasone  appears  to  reduce  VP-HNP  production  in 
H69  cells  suggests  that  glucocorticoids  also  have 
the  ability  to  down-regulate  basal  expression  of  VP 


by  SCCL.  The  detection  of  glucocorticoid  receptors 
in  a  SCCL  cell  line  by  others  supports  this  possi¬ 
bility.21  Interestingly,  when  H69  cells  have  been 
stimulated  to  produce  greater  amounts  of  VP  for  4 
d,  dexamethasone  appears  to  act  synergistically 
with  S.Br-cAMP  and  IBMX  to  further  enhance  pro¬ 
duction  (Fig.  3B).  These  seemingly  paradoxical 
influences  that  glucocorticoids  have  on  VP-HNP 
production  are  similar  to  those  reported  for  VP- 
mRNA  levels,21  with  one  notable  exception.  While 
the  synergism  between  dexamethasone  and  8,Br- 
cAMP  and  IBMX  was  reflected  in  mRNA  levels 
within  2  d  of  treatment,  we  did  not  observe  effects 
on  VP  production  until  the  fourth  day.  On  the 
second  day  of  treatment,  both  dexamethasone 
alone,  and  dexamethasone  in  combination  with 
8,Br-cAMP  and  IBMX,  appeared  to  decrease  pro¬ 
duction  of  VP-HNP  by  H69  cells. 

A  dual  action  of  glucocorticoids  on  VP 
expression  has  also  been  noted  for  the  hypo¬ 
thalamic  neurons.  While  glucocorticoids  normally 
inhibit  VP  expression  in  parvocellular  neurons,  in 
cases  of  chronic  stress  this  steroid  hormone  appears 
to  increase  synthesis.52  However,  unlike  SCCL  cells, 
glucocorticoids  and  cAMP  do  not  appear  to  inter¬ 
act  during  stimulation  of  hypothalamic  VP 
expressionr  Schilling  et  al,55  working  on  hypo¬ 
thalamic  neurons  in  vitro,  were  unable  to  demon¬ 
strate  any  synergism  between  a  glucocorticoid 
antagonist,  RLJ  384S6,  and  forskolin  in  their  ability 
to  increase  VP-mRNA  levels. 

Hence,  the  results  of  the  present  study,  as  well  as 
those  of  others,  indicate  that  SCCL  cells  possess 
mechanisms  for  modulating  VP  expression  in  spite 
of  earlier  reports  that  suggested  production  of  this 
peptide  by  SCCL  tumors  is  largely  unregulated. 
The  clinical  significance  of  SCCL-generated  neuro- 
physins  has  been  demonstrated  in  imaging  studies 
that  employed  radiolabelled  antibodies  directed 
against  VP-HNP  to  target  SCCL  tumors  in  vivo.21 
If  neurophysin  production  by  SCCL  tumors  could 
be  upregulated,  the  tumor  selectivity  of  radi¬ 
olabelled  anti-neurophysins  could  be  enhanced, 
and  thus  provide  a  more  sensitive  tool  for  diag¬ 
nostic  evaluation. 
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in  preparing  the  fetal  lung  for  the  transition  from  a  u  en  receptors  with  subsequent  activation  of  amilonde-sensitive 

mechanism  of  vasopressin  action  is  behexed  to  occur  through  -  P  h  not  vet  ^4n  documented.  In  the  present  study, 
sodium  channels.  However,  the  presence  of  the  2  re^eP  ,  ,  was  examfned  usins  reverse  transcription-polymerase 

expression  of  the  vasopressin  V2  receptor  m  feta  an  a  u  ^  .  RT-PCR  and  primer  pairs  specific  for  the  human 

chain  reaction  (RT-PCR).  Northern  blot  analysts,  and  DNA >«**£>»»  Usm  RT  JLK  « *  P  P  K '  cing  of 

V2  receptor,  PCR  products  of  die  predicted  sizes  of  J i  Northern  blot  analysis  revealed 

the  cloned  PCR  products  revealed  exact  identity  with  the  published 1  bm  n0‘  jn  f,tal  human  jung  at  22-24  weeks  of 

the  expression  of  a  - 1.9  kb  mRNA  m  adult  1 POlarey  the  86^-bp  product  was  successfully  amplified  from  human  fetal 
gestation.  However,  using  the  more  sensitive  RT-PCR  a  .  y  P  F  than  in  adult  human  lung  or  kidney.  Using 

lung,  although  the  data  indicate  the  mRNA  for  this  receptor  ls  expr  predieted  rite  of  461  bp  was  amplified  from  adult  rat 

RT-PCR  and  primers  specific  for  the  rat  V5  receptor,  a  PCR  tV  absentfromthHuna  of  this  species.  The  role  for  the  V2 

XSatK  “-SU  -  in  the  human  kidney  and  lungs  of  fetal  sheep,  goats,  and  guinea 
pigs,  this  receptor  may  play  a  role  in  fluid  balance. 

Vasopressin  V,  receptor  mRNA  Human  lung  RT-PCR  Northern  blot 


THE  classical  roles  for  the  neuropeptide  vasopressin  are  vaso¬ 
constriction  through  activation  of  V„  receptors,  antidiuresis 
through  activation  of  V2  receptors,  and  modulation  of  ACT  rl 
release  through  activation  of  V,b  receptors.  The  transduction  cas¬ 
cade  associated  with  V,  receptors  involves  the  activation  of  a 
phospholipase,  with  the  subsequent  production  of  inositol  1 ,4,5- 
triphosphate,  1,2-diacylglycerOl,  calcium  mobilization  and  in¬ 
flux,  and  protein  kinase  C  activation.  The  V,  receptor  transduc¬ 
tion  cascade  involves  the  activation  of  adenylate  cyclase,  leading 
to  an  increase  in  cAMP,  and  the  activation  of  protein  kinase  A. 
However,  dual  signaling  potential  has  been  reported  with  acti¬ 
vation  of  the  V2  receptor  (41).  In  addition,  a  novel  calcium- 
mobilizing  vasopressin  receptor  (VACM-1 )  has  been  cloned  and 
characterized  from  rabbit  kidney  (12).  With  the  recent  cloning 
of  the  human  V„  (21,36),  V)b  (35),  and  V,  (7)  receptors,  an 
extensive  evaluation  of  vasopressin  receptor  subtype  expression 
is  now  possible. 

Numerous  studies  have  demonstrated  a  connection  between 
vasopressin  and  the  lung.  Immunoreactive  vasopressin  has  been 
identified  in  rat  lung  extracts,  although  the  exact  cellular  local- 
ization  was  not  determined  ( 1 ).  A  common  feature  of  small-cell 
lung  cancer  is  the  ectopic  production  of  vasopressin  and  vaso¬ 
pressin-related  gene  products  (16,17,25).  Also,  some  small-cell 
lung  cancer  cells  possess  functional  V,  receptors  (16,33),  which 


1  Requests  for  reprints  should  be  addressed  to  Michael  J.  Fay. 


when  activated  can  stimulate  the  clonal  growth  of  these  cells 
(33).  Also,  pneumadin,  a  decapeptide  isolated  from  lung  tissue, 
has  been  reported  to  cause  the  release  of  vasopressin  from  the 
neurohypophysis  (5).  In  primary  rat  alveolar  type  II  pneumo- 
cytes,  vasopressin  has  been  reported  to  stimulate  surfactant  se¬ 
cretion  through  activation  of  V„  receptors  ( 10,1 1 ) .  Physiological 
studies  indicate  that* in  fetal  sheep,  goats,  and  guinea  pigs,  va¬ 
sopressin  slows  luns  liquid  secretion  and,  in  some  cases,  causes 
reabsorption  (18.28-30,32,38).  These  effects  of  vasopressin 
were  attributed,  at  least  in  part,  to  the  action  of  vasopressin  at 
putative  V,  receptors,  with  the  subsequent  activation  of  amilor- 
ide-sensitive  sodium  channels  (13,30,34).  However,  the  expres¬ 
sion  of  this  receptor  in  lung  tissue  has  not  yet  been  demonstrated. 

In  the  present  study  we  used  RT-PCR,  DNA  sequencing,  and 
Northern  blot  analysis  to  determine  if  the  vasopressin  V2  receptor 
is  expressed  in  fetal  and  adult  human  lung,  and  adult  rat  lung. 


METHOD 

Tissue  Specimens  and  RNA  Isolation 

Normal  adult  human  lung  tissue  specimens  were  obtained 
from  the  Cooperative  Human  Tissue  Network  (Philadelphia, 
PA).  Normal  adult  human  lung,  fetal  human  lung,  adult  human 
kidney,  adult  rat  lung,  and  adult  rat  kidney  poly(  A)+  RNA  were 
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obtained  from  Clontech  Laboratories,  Inc.  (Palo  Alto ,  CA)^ o.al 
RNA  was  isolated  from  human  lung  tissue  using  TRIzo  tea 
cent  (Gibco  BRL,  Gaithersburg,  MD).  Selection  for  P°ly(A) 

RN  A  was  performed  by  oligo(dT)  cellulose  (Boehringer  Mann¬ 
heim.  Indianapolis,  IN)  chromatography  as  previously  described 
(3,26). 

RT-PCR  Analyses 

First  strand  cDNA  synthesis  was  performed  using  Super- 
Script®  II  RNase  H-  reverse  transcriptase  (Gibco  BRL,  Gaith- 
ersbura,  MD)  and  oligo(dT)  priming  of  the  poly(A)  RNA  (2 
4  i/olTPCR  was  performed  with  AmpliTaq®  DNA  polymerase 
(~2.5  units)  and  the  Gene  Amp®  Kit  (Perkin  Elmer,  Foster 
Citv  CA)  using  the  following  oligonucleotide  primers  synthe¬ 
sized  by  Keystone  Laboratories,  Inc.  (Menlo  Park,  CA),  Ransom 
Hill  Bioscience,  Inc.  (Ramona,  CA),  and  Gibco  BRL  (Grand 
Island.  NY).  The  human  and  rat  /3-actin  pnmer  pairs  were  ob¬ 
tained  from  Clontech  Laboratories,  Inc.  (Palo  Alto,  CA),  and 
amplify  838-bp  and  764-bp  PCR  products,  respectively. 

Human  A  primer:  5'-ATG  CTC  ATG  GCG  TCC  ACC 
AC-3  ’,  sense  (base  pairs  72-91 ) 

Human  B  primer:  5'-CTG  AG  A  AGG  AGC  GAG  AAG 

GC-3',  antisense  (base  pairs  564-583) 

Human  C  primer:  5'- ACC  GCT  TCC  GTG  GGC 

CAG  AT-3',  sense  (base  pairs  379-398) 
Human  D  primer:  5'-GGA  AGG  CAG  CTG  AGC  TTC 

TC-3 antisense  (base  pairs  1221-1240) 

Rat  A  primer:  5'-ATG  GTG  GGC  ATG  TAT  GCC 
TCC  TCC  TAC  ATG-3 ',  sense 
(base  pairs  399-428) 

Rat  B  primer:  5'-AGT  GTC  ATC  CTC  ACG  GTC  TTG 
GCC  A-3',  antisense  (base  pairs  835-859) 

These  primers  were  based  on  the  published  sequence  for  the 
human  vasopressin  V2  receptor  (7),  the  rat  V2  receptor  (23),  an 
from  previous  studies  (19,37).  The  human  AB  and  CD  pnmer 
pairs  were  chosen  to  span  the  two  introns  of  the  V;  receptor  gene 
«o  that  DNA  contamination  of  the  samples  could  be  ruled  out. 
The  location  of  the  human  primer  pairs  is  shown  in  Fig.  1.  1  he 
PCR  mixture  consisted  of  2-10  //I  (  2—15  /tg)  of  template, 
ni  of  10  X  PCR  buffer  II,  200  pM  of  each  deoxynbonucleotide 
triphosphate  (dNTP),  0.5  pM  of  each  primer,  and  2  P^  MgCL 
The  conditions  used  for  PCR  involved  an  initial  step  at  97  C  for 
8  min,  and  30  cycles  that  included  30  s  at  95'C,  1  mm  30  s  at 
58eC  1  min  30  s  at  72CC,  and  a  final  step  of  10  min  at  72  C. 
PCR  products  were  electrophoresed  for  1  h  at  100  volts  using  a 
2%  aoarose  gel  and  TAB  buffer  (Tris-acetate/EDTA  electropho¬ 
resis  buffer).  In  some  PCR  reactions  10  pCi/ml  [a-  P^CTP 
(3000  Ci/mmol,  Dupont/NEN,  Boston,  MA)  was  included  and 
the  labeled  products  were  electrophoresed  at  100  volts  for  4  h i  on 
a  4%  polyacrylamide  gel  in  TBE  buffer  (Tris-borate/EDTA  elec¬ 
trophoresis  buffer).  Controls  for  RT-PCR  included  the  omission 
of  template,  the  cDNA  for  the  vasopressin  V2  receptor  as  the 
template,  and  a  308-  or  500-bp  PCR  positive  control  provided 
with  the  Gene  Amp®  kit  (Perkin  Elmer,  Foster  City,  CA)  or  the 
Superscript®  preamplification  system  (GibcoBRL,  Grand  Is¬ 
land,  NY). 


FIG.  1.  Structure  of  the  cDNA  for  the  human  vasopressin  V2  receptor 
and  location  of  primers  used  for  PCR  amplification. 

PCR  products  were  cloned  using  the  TA  Cloning  System  and 
One  Shot®  competent  cells  (Invitrogen,  San  Diego,  C  ^ac¬ 
cording  to  the  methodology  provided  by  the  manufacturer.  DNA 
was  purified  using  the  Wizard®  miniprep  purification  system 
(Promega,  Madison,  WI). 

Nonhem  Blot  Analysis 

Poly(A)+  RNA  (5  /;g)  from  fetal  human  lung,  adult  human 
luns.  and  adult  human  kidney  was  electrophoresed  on  a  1.2% 
aaarose  formaldehyde  denaturing  gel  for  3.5  h  at  75  volts  using 
fx  MOPS  [3-(A'-moipholino)propanesulfomc  acid] ,  and  trans¬ 
ferred  overnight  to  a  supported  nitrocellulose  membrane  (MS. 
Westborough,  MA)  using  20  X  SSC  (saline  sodium  citra  , 
Boehringer' Mannheim,  Indianapolis,  IN).  The  membranewas 
baked  in  a  vacuum  oven  at  80°C  for  2  h,  and  prehybndized  for 
3  h  at  42CC  in  hybridization  solution  consisting  of  5  X  bW,  o  x 
Denhardt's  solution  [0.1%  (w/v)  ficoll  type  400  0.1%  (w/v) 

polyvinylpy  rrolidon e ,  0.1%  (w/v)  bovme  serum  albumin],  200 

pa/ml  denatured  salmon  sperm  DNA,  0T%  SDS,  6.25 
NaH-P04  (pH  6.5),  and  50%  formamide  The  862-bp  CD  PCR 
product  amplified  from  the  vasopressin  V,  receptor  cDNA  and 
a  1.5-kb  /3-actin  probe  (ATCC,  Rockville,  MD)  were  labeled 
with  f?:P]dCTP  (3000  Ci/mmol)  using  exonuclease-free  Kle- 
now  fragment  and  the  DECAprime  II®  DNA  labeling  lot  Am- 
bion,  Austin,  TX)  to  specific  activities  of  approximately  1 .7  < 
10*cpm/pg  and  1.9  X  10*  cpm//tg,  respectively.  Hybridization 
was  performed  overnight  at  42°C  with  10  cpm/ml  of  the  [  ]- 

labeled  probe.  Membranes  were  washed  (lx  30  s  with  2  X  SSC 
0  1%  SDS  at  22°C;  2  X  15  min  with  2  X  SSC/0.1%  SDS  at 
2?CC-  2X15  min  with  0.1  X  SSC/0.1%  SDS  at  37CC;  1  or  2  X 
60  min  with  0.1  X  SSC/0.1%  SDS  at  50‘C)  and  exposed  to  X- 
ray  film  with  intensifying  screens  for  varying  times  (3  4s  h). 

DNA  Sequence  Analysis 

DNA  sequencing  of  the  cloned  AB  and  CD  PCR  products 
from  adult  human  lung  was  performed  using  an  Applied  Bto- 
svstems  Model  373A  automated  DNA  sequencer,  and 
AmpliTaq®  DNA  polymerase  and  the  Taq  DyeDeoxy  termi¬ 
nator  cycle  sequencing  kit  (Applied  Biosystems,  Foster  City, 
CA).  The  primers  used  for  sequencing  were  M13  forward,  MI3 
reverse,  and  T7  universal  primers,  and  the  primers  specific  for 
the  vasopressin  V2  receptor  already  described.  Sequencing  was 
performed  for  both  strands,  from  at  least  three  positive  clones. 
Sequence  analysis  was  performed  using  the  BLAST  network  ser- 
vice  (2). 

RESULTS 

Figure  1  indicates  the  location  of  the  specific  primers  and 
expected  sizes  of  the  human  AB  and  CD  PCR  products.  As 
shown  in  Fia  2.,  using  the  AB  primers  a  512-bp  product  was 
amplified  from  the  cDNA  for  the  vasopressin  V2  receptor  (lane 
1 )  and  from  adult  human  lung  (lane  2).  With  the  CD  primer  pair, 
a  862-bp  product  was  amplified  from  the  cDNA  (lane  4)  and 
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FIG.  2.  RT-PCR  analysis  using  reverse  transcribed  polv(A)*  RNA  from 
adult  human  lung  and  primers  specific  for  the  vasopressin  V2  receptor. 
The  experimental  protocol  is  described  in  the  Method  section  (10  ^Ci/ 
ml  [cr-"':P]dCTP  was  included  in  the  PCR  reaction).  Lane  1 :  cDNA  for 
the  vasopressin  V2  receptor  as  the  template  and  AB  primers.  Lane  2: 
adult  human  lung  and  AB  primers.  Lane  3:  no  template  and  AB  pnmers. 
Lane  4:  cDNA  for  the  vasopressin  V2  receptor  as  the  template  and  CD 
primers.  Lane  5:  adult  human  lung  and  CD  primers.  Lane  6:  no  template 
and  CD  primers.  Lane  7:  PCR  positive  control.  These  results  are  repre¬ 
sentative  of  at  least  triplicate  independent  experiments. 


from  adult  human  lung  (lane  5).  As  indicated  in  lanes  3  and  6, 
no  products  were  amplified  using  the  AB  and  CD  primers  m  the 
absence  of  template.  Sequencing  of  the  AB  and  CD  PCR  prod¬ 
ucts  senerated  from  the  adult  human  lung  confirmed  sequence 
identity  with  the  human  vasopressin  V2  receptor  (data  not 
shown).  Figure  3  shows  a  representative  Nonhem  blot  with 
poly(A)+  RNA  from  fetal  human  lung,  adult  human  lung,  and 
adult  human  kidney  using  the  862-bp  [”P] -labeled  CD  PCR 
product  as  a  probe.  In  the  adult  human  lung  (lane  2)  and  kidney 
(lane  3)  a  1.9-kb  mRNA  species  is  apparent.  However,  in  the 
fetal  lung  no  significant  band  was  detected  using  this  probe.  The 
membrane  was  rehybridized  with  a  [3"P ] -labeled  5-actin  probe 
to  account  for  possible  loading  differences  and  sample  integrity. 
Even  though  it  appears  that  the  fetal  lung  sample  did  not  have  a 
/3-actin  sisnal  as  strong  as  that  of  the  adult  lung  and  kidney,  an 
obvious  band  for  this  mRNA  is  still  apparent.  In  the  duplicate 
Nonhem  blot  (data  not  shown ) ,  the  same  results  were  found  with 
the  exception  that  the  /3-actin  signals  were  of  similar  intensity 
for  the  fetal  lung  and  adult  lung.  As  shown  in  Fig.  4,  using  RT- 
PCR  and  the  CD  primers  the  862-bp  PCR  product  was  amplified 
from  fetal  human  lung  (lane  1 ),  adult  human  lung  (lane  2),  and 
adult  human  kidney  (lane  3).  However,  relative  expression  ap¬ 
pears  to  be  lower  in  fetal  human  lung  than  in  adult  human  lung 
or  kidney  because  the  relative  fluorescence  from  the  838-bp  /J- 
actin  PCR  product  for  all  three  samples  appears  to  be  of  similar 
intensity  (lanes  4-6).  The  other  amplified  PCR  product  from 
adult  human  lung  (Fig.  4,  lane  2),  which  appears  to  be  100  bp 
larser  than  the  predicted  size  of  the  CD  product,  may  reflect 
amplification  from  precursor  hnRNA  because  the  second  intron 
of  the  V2  vasopressin  receptor  gene  is  106  bp.  Also,  both  the 
Northern  blot  and  RT-PR  data  suggest  that  the  relative  expression 
of  the  mRNA  for  the  vasopressin  V2  receptor  in  adult  human 
luna  is  less  than  in  the  adult  human  kidney.  As  indicated  in  Fig. 
5,  using  RT-PCR  and  primers  specific  for  the  rat  vasopressin  V2 
receptor  a  461 -bp  PCR  product  was  amplified  from  adult  rat  lung 
and  kidney  (lanes  1  and  2,  respectively),  and  the  relative  iluo- 
rescence  intensities  of  the  764-bp  /3-actin  PCR  pioducts  for  rat 
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1C.  3.  Northern  blot  analysis  for  the  vasopressin  \ ;  receptor  using  the 
62-bp  [3-'P]-labe)ed  CD  PCR  product  as  the  probe  and  poly(A)  KM 
rom  human  fetal  lung,  adult  human  lung,  and  adult  human  kidney.  (A) 
ane  1:  poly(A)*  RNA  from  human  fetal  lung:  lane  2:  poly(A)  RNA 
rom  adult  human  lung:  lane  3:  po1y(A)+  RNA  from  adult  human  kidney. 
B)  The  membrane  was  reprobed  for  /3-actin.  These  results  are  represen- 
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lung  and  kidney  (lanes  3  and  4,  respectively  )  suggest  that  this 
mRNA  is  expressed  more  abundantly  in  rat  kidney. 

DISCUSSION 

This  is  the  first  report,  of  which  we  are  aware,  demonstiating 
expression  of  vasopressin  V2  receptor  mRNA  in  adult  human 
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FIG.  4.  RT  PCR  analysis  using  reverse  transcribed  poly  <  A)+  RNA  from 
fetal  human  lung,  adult  human  lung,  adult  human  kidney,  and  primers 
specific  for  the  human  vasopressin  V2  receptor  and  human  /?-actm  The 
experimental  protocol  is  described  in  the  Method  section.  Lane  I:  fetal 
human  lung  and  CD  primers.  Lane  2:  adult  human  lung  and  CD  pnmers. 
Lane  3:  adult  human  kidney  and  CD  primers.  Lane  4:  total  human  lung 
and  /?-actin  primers.  Lane  5:  adult  human  lung  and  0-acnn  pnmers.  Lane 
6:  adult  human  kidney  and  0-actin  primers.  Lane  7:  100-bp  DN  A  ladder. 
Lane  S:  PCR  positive  control.  The  gel  was  stained  with  eihidmm  bro¬ 
mide. 
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FIG.  5.  RT-PCR  analysis  using  reverse  transcribed  poly(A)^  RNA  from 
adult  rat  lung  and  kidney,  and  primers  specific  for  the  rat  vasopressin  V2 
receptor  and  rat  /9-actin.  The  experimental  protocol  is  described  in  the 
Method  section.  Lane  1:  adult  rat  lung  and  AB  primers.  Lane  2:  adult 
rat  kidney  and  AB  primers.  Lane  3:  adult  rat  lung  and  /3-actin  primers. 
Lane  4:  adult  rat  kidney  and  /?-actin  primers.  Lane  5:  PCR  positive  con¬ 
trol.  Lane  6:  100-bp  DNA  ladder.  The  gel  was  stained  with  ethidium 
bromide. 


lung.  Other  researchers  have  described  the  extra-renal  expression 
of  the  vasopressin  V2  receptor  in  rat  brain  ( 19,20),  and  radioli¬ 
gand  binding  studies  indicate  that  human  mononuclear  phago¬ 
cytes  and  platelets  have  vasopressin  V2  receptor-like  binding 
sites  (6,8).  Our  data  indicate  that  adult  human  lung  expresses 
the  mRNA  for  the  vasopressin  V2  receptor.  Northern  blot  indi¬ 
cates  that  this  mRNA  is  of  a  similar  size  to  that  of  the  human 
kidney,  and  the  1.9-kb  size  is  similar  to  that  found  by  other  re¬ 
searchers  for  the  V2  receptor  mRNA  (7).  DNA  sequencing  of 
the  cloned  PCR  products  revealed  that  the  V2  receptor  mRNA 
from  adult  human  lung  has  exact  identity  with  the  published  se¬ 
quence  for  the  cloned  vasopressin  V2  receptor  (7). 

In  contrast  with  the  adult  human  lung.  Nonhem  blot  evalua¬ 
tion  indicates  that  the  fetal  human  lung  did  not  express  detectable 
levels  of  mRNA  for  the  vasopressin  V2  receptor.  However,  using 
the  more  sensitive  RT-PCR  technique,  a  PCR  product  of  the  pre¬ 
dicted  size  was  amplified  from  fetal  human  lung.  Relative  ex¬ 
pression  of  this  mRNA  in  fetal  human  lung  appeared  to  be  lower 
than  in  adult  human  lung  or  adult  human  kidney.  The  fetal  lung 
mRNA  used  in  this  study  was  obtained  from  22-24-week  fe¬ 
tuses.  Because  the  duration  of  human  gestation  is  between  37 
and  41  weeks,  one  potential  explanation  for  the  low  level  of 
expression  may  be  that  the  receptor  mRNA  is  not  actively  tran¬ 
scribed  until  a  time  closer  to  birth.  Because  the  critical  role  for 
the  vasopressin  V2  receptor  in  fetal  lung  is  thought  to  involve 
removal  of  fluid  from  the  lung  in  preparation  for  the  transition 


from  a  uterine  to  an  air-breathing  environment  (IS. 28- 
30.32.38),  this  explanation  seems  plausible.  Research  using  fetal 
sheep  adds  support  to  the  idea  of  the  developmentally  regulated 
expression  of  lung  vasopressin  receptors,  because  vasopressin 
was  unable  to  inhibit  lung  liquid  secretion  until  135  days  of  ges¬ 
tation  in  these  animals  (38). 

Using  total  RNA  and  RT-PCR  with  primers  specific  for  the 
rat  V*.  receptor,  other  researchers  were  unable  to  amplify  a  PCR 
product  from  lung  tissue  of  fetal  and  adult  Sprague-Dawley  rats 
(19).  Using  the  same  primers  and  Poly(A)+  RNA  from  adult 
Sprasue-Dawley  rat  lung  and  kidney,  PCR  products  of  the  pre¬ 
dicted  size  of  461  bp  were  obtained.  This  discrepancy  between 
our  findings  for  adult  rat  lung  and  the  previous  findings  may 
reflect  differences  in  PCR  conditions,  or  that  the  V2  receptor 
mRNA  in  rat  lung  is  expressed  in  low  levels  and  only  detectable 
by  RT-PCR  with  Poly  (A )+  RNA  selection.  Our  data  therefore 
sussest  that  vasopressin  V2  receptors  may  also  play  a  role  in  rat 
lung  physiology,  and  that  rats  may  be  a  suitable  model  for  ex¬ 
amining  the  developmental  expression  of  vasopressin  V2  recep¬ 
tors  in  the  lung.  Other  researchers  have  found  no  effect  of  argi¬ 
nine  vasopressin  on  cAMP  production  and  ion  transport  in  fetal 
rat  distal  lung  epithelium  (27).  These  data  may  reflect  an  insuf¬ 
ficient  expression  of  the  vasopressin  V2  receptor  in  fetal  rat  lungs 
at  this  stage  of  development  (day  20,  term  is  day  22)  in  Wistar 
rats,  the  strain  used  by  these  investigators.  An  alternative  expla¬ 
nation  is  the  loss  of  functional  V2  receptors  during  the  isolation 
of  primary  cultures. 

Numerous  physiological  studies  have  suggested  the  presence 
of  vasopressin  V2  receptors  in  fetal  sheep,  goat,  and  guinea  pig 
lung  tissue,  because  epinephrine  and  other  agents  that  activate 
cAMP  have  an  effect  similar  to  vasopressin  on  decreasing  lung 
liquid  secretion  (4,9,22,28,29,39,40).  The  actions  of  vasopressin 
in  the  lung  at  these  V2  receptors  is  attributed,  at  least  in  part,  to 
activation  of  apical  amiloride-sensitive  sodium  channels 
( 13,30,34).  However,  the  action  of  vasopressin  on  an  aquaporin- 
like  water  channel  cannot  be  discounted,  because  aquaporin-5 
has  recently  been  isolated  from  distal  human  lung  (31).  Like 
aquaporin-2,  the  water  channel  regulated  by  vasopressin  in  the 
kidney  (14,15,24),  aquaporin-5,  has  a  cAMP-protein  kinase 
consensus  sequence.  In  addition,  aquaporin-5  shares  63%  amino 
acid  homology  with  aquaporin-2.  The  physiological  role  for  the 
vasopressin  V2  receptor  in  adult  human  lung  is  not  known.  How¬ 
ever,  it  is  reasonable  to  assume  that,  as  in  the  kidney,  this  receptor 
plays  a  role  in  fluid  balance. 
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ABSTRACT.  Increasing  evidence  that  .on  chanr.e-s p'»> »  •  ^  ^  ^  the  ion 

isclitsd,  non*s>nch.w . 3  s...g.c  _ •  T»c  -ocassiuns  current  activated 

>t  po.cti.l.  nott  ?=■*.'  "  "  'p„i„  ,!..,.*A=c»fciacHork!.aEA,IC»  - 

1  j»M>,  u«  insensitive  :a  charybdotoxin  (CTX.  IC»  /•»  R-  wjj  de-,or.s;ra:ed  by  tail 

pulses  separated  by  1  s.  Rapid  voltage-depen-ent  i..ac..vau  .  < •  ••»  ;v  ,  i  w  <£;<£  noc 

,n  ir.wiri  »*»  «*«.  '  »  i ^  I, 

chloride  and  in.  the  presence  cf  the  chlor.de  c..*....e.^fclocKer  ..  .  ,,  ’.  ,  de  ,  ch!cride  current 

acid  (D1DS).  We  conclude  that  currents  present  in  i  i/D  bre*s.  c. . ■  •  v  , 

,.eJ  -^ium  outward  rectifer.  We  suggest  that  tne  pctusiun  curren  .  e....et  ,.o£Ot 

ar.c  a  \ouage-ga.c-  _  _  v..-^  brtis:  cancer  cell  lines  by  others, 

in  conjunction  with  potassium  currents  reported  «n  c . e..c  h...M  - 

mav  play  a  role  in  the  modulation  of  the  cell  cycle,  cut  signal  S;e=2,?-.>».  \J± - 
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INTRODUCTION 

An  increasing  body  of  evidence  supports  the  hypothesis  that 
potassium  currents  signal  cellular  proliferation  ( 1  ].  Srna.l-ceil 
lung  carcinoma  cel’s  (SCCL)  treated  with  the  K* -channel 
antagonist  4-amir.opyridine  (AA?)  demonstrate  an  attenu¬ 
ated  outward  !<*  current  coincident  with  a  decrease  in  ce.l 
proliferation  [2).  In  MCF-7  breast  cancer  cells  the  potassium 
channel  antagonists  quinidir.e,  gliber.clamide,  and  lmoglir- 
ide  inhibit  cell  proliferation  and  cause  the  accumulation  o 
cells  in  the  G;/Gi  phase  of  the  ct:l  cycle  (p).  TH.s  e..e-t 
on  MCF-7  cells  was  attributed  to  the  putative  activity  c. 
adenosine  triphosphate  (AT?)-sensitive  potassium  chan- 
nels.  This  cell  line,  established  from  pleural  fluid  of  a 
with  adenocarcinoma,  retains  certain  characteristics  c.  ci,-. 
ferentiated  epithelium,  including  the  presence  of  estrogen 
receptors  (■?].  A  calcium-activated  potassium  current  has 
been  identified  in  MCF-7  cells  13]  that,  although  correlated 
with  cell  proliferation,  was  net  considered  obligatory  for 
growth  16). 


' AjiSor  io  whesi  cesttspcr.ience  sKcH-  .c  .--•.wci-. 
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Th.e  Te’D  breast  cancer  cell  line  selected  for  this  saucy, 
originally  established  from  the  pleural  effusion  of  a  patent 
w;th  inr.ltraring  cuctal  carcinoma  (7).  also  displays  ch«.ac- 
teristics  cf  an  epithelial  origin.  These  cells  possess  receptors 
for  estrosen  [5, 9),  progesterone  [6,  10-12],  calcitonin  l  A. 
and  vitamin  0)14, 1 3].  We  selected  this  cell  line  for  investiga¬ 
tion  because  estrogen-resistant  clones  have  been 
and  we  aim  to  develop  this  line  as  a  model  for  evalua.n.g 
breast  cancer  progression  [16-1S].  In  view  of  the  previous 
s-udies  that  have  linked  ion  channels  with  mitogenes.s,  v. 
initiated  this  study  to  identify  the  whole-cell  currents  present 
in  unsynchronittd  cells  of  the  Td7D  human  breast  cancer 

cell  line. 


MATERIALS  AND  METHODS 
Cell  Culture 

The  l-.iD  human  breast  ductal  carcinoma  cell  line  was 

,  .  j  e.„  ,u,  A-erican  Tyre  Culture  Collection 
obtained  non  tne  A*..e*ic«.»  m,  v?\n 

(ATCCHTB  133, Rockville, MD), and mamtaine  m.  .  i 

!«0  <Si|ma.  St.  UA  MO) 

n  7  11  JteVm-  (Sioma.  St.  Louis,  KiO)  <=-  u  .v  •« 
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•;i«l  bovine  serum  (rB5;  Hyclone  libs.  Login.  U  I  )■  Cells 
-'--eived  fresh  growth  medium  or  were  subculrured  (1 43  using 
0.25%  trypsin  +  0.02%  ethylenediamine  teuaacetic  acid 

[EDTA])  every  2-5  d. 

Cell  Preparation 

Cells  were  plated  onto  glass  coverslips  approximately  IS  h 
before  patch-dam,?  studies  were  initiated.  Each  coversli? 
was  placed  in  a  chamber  of  0.2  mL  volume  and  washed  unh 

extracellular  physiological  solution.  The  cr.amber  was  phced 

on  the  stage  of  an  inverted  Nikon  microscope  and  viewed 
with  Hoffman  optics  (X  640).  Electrode  preparation  and 
ether  experimental  details  have  been  presented  previously 

119-21). 

Solutions 

The  physiological  external  bath  solution  for  recording 
whole-cell  currents  contained  the  following  (in  mM)r  HO 
NaCl,  4.5  KC1,  2.0  CaCl:,  1.0  MgCl:,  and  10  4-{2-hydrcxy- 
ethyl)- 1  -piper  arine-N-2-eth a nesulfonic  acid(KE?ES),  pH  bal¬ 
anced  to  7.3  with  NaOH.  The  pipette  solution  contained 
(inmM)  140  KC1, 1.1  ethylene  glycol-bis^-aminoethyl  en.er)- 
N.N.N'.N'-tetraacetic  acid  (EGTA),  0.1  CaCl:,  2.0  MgCl:, 
and  10  HEPES,  pH  balanced  to  7.3  with  KOH.  [Iomted 

Ca5*]  =  10'{M.  All  experiments  weredoneatroom  tempera¬ 
ture  (22eC).  Extracellular  KC1  was  increased  by  substituting 
XC1  for  NaCl  in  the  bath  solution.  Extracellular  Cl  was 
reduced  by  substituting  potassium  aspartate  :or  KC1  in  the 
bath.  Intracellular  [Ca:*j  was  increases  by  changing  p.pei.c 
solution  CaClj  to  1.08  mM  (free  Ca:*]  =  4  x  10’‘  M. 

Blocking  Agents 

TctracthyUmrnonium  chloride  (TEA;  S.grr.a)  was  dissoK  ed 
in  extracellular  solution  and  added  in  different  concent:*- 
tiens  directly  to  the  bath.  Charybdotoxin  (CTX)  from  Let- 
Vrji  venom  was  obtained  from  Alomor.e  Labs  (Jerusalem, 
tt-ael).  The  CTX  was  dissolved  in  0. 1  %  BSAJ00  mM  NaCl, 
10  mM  Tris  (pH  7.5)  and  1  mM  EDTA. mis  solution  re- 
cuired  the  addition  of  0.01%  bovine  serum  albumin  (BSA) 
to  the  bath.  Because  the  bath  total  volume  was  0.2  mL, 
replacement  of  the  bath  required  only  two  drops  of  fluid. 
Replacement  of  the  bath  effected  rapid  and  complete  mixing 
of  experimental  solutions,  as  demonstrated  by  addition  of 
a  water-soluble  dye. 4,4‘-Diisothiocyancsti5b<ne-2,2'-d isul.onic 
acid  (D1DS),  a  recognited  Cl'-channel  blocking  agent,  was 
added  to  the  bsth. 

Dzt3  Acquisition  2nd  An3lysis 

Currents  in  the  individual  cells  were  measured  by  rupturing 
the  cell  membrane  in  the  lumen  of  the  patch  electrode  by 
suction.  Patch-damp  data  were  obtained  with  a  List-EPC  7 
damp  circuit  (Medical  Systems,  Grecnvale,  N^).  Experi¬ 
mental  protocols,  details  of  which  are  presented  in  the  figure 
!e  sends,  were  written  for  FCLAMP  software  (Axon  lnstru- 
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FIGURE  1.  Outward  rectifying  K4  current  in  T47D  breast 
cancer  cells.  Current  vs.  voltage  curve  showing  peak  outward 
currents  recorded  in  a  cell  held  at  -  60  mV  and  then  stepped  to 
voltages  from  -  HOtnVto  +  60 mV. Inset: Currents  recorded 
from  this  cell.  Note  the  lack  of  time-dependent  inactivation. 
The  time  constant  for  activation  (:«•.)  was  best  described  *y 

a  single  exponential  for  voltage  steps  to  -40,  —  20,  and  0  mV, 

and  by  a  double  exponential  at  more  positive  depolarisations. 
The  fast  time  constant  is  shown  for  each  trace. 


ments,  Burlingame,  CA).  Data  were  digitised  at  5  KH:  an- 
recotded  with  a  4:6  PC  computer  after  filtering  with  an 
8  pole  Bessel  filter  at  1  KH:.  Series  resistance  correction, 
capacity  compensation,  and  leakage  subtraction  v.  e.e  do..e. 
All  data  are  reported  as  mean  ±  S.E.M. 

RESULTS 

Patch-dam?  recordings  and  analyses  ofT47D  human  breast 
cancer  cells  revealed  the  presence  of  a  voltage-sensitive  cur¬ 
rent.  This  current  was  identified  as  a  voltage-gated,  time- 
independent,  TEA-sensitive,-  ch arybdotoxin-insensmve, 
outwardly  rectifying  potassium  current,'  arid'was  present  in 
71  of  79  cells  studied.  We  found  no  evidence  of  an  inward 
rectifying  potassium  current  or  of  a  sodium  current. 

Voltage-gated  Potassium  Current 

Aker  rupture  cf  the  cell  membrane  by  suction,  voltage  steps 
were  applied  to  the  ceil  in  a  normal  physiological  ionic  gradi¬ 
ent  from  a  holding  potential  of  -  80  mV  to  command  poten¬ 
tials  of  - 120  mV  to  60  mV.  The  large  outward  currents 
elicited  are  shown  in  the  inset  of  Figure  1.  The  current  was 
activated  at  -59-7  ±  2.2  mV  (n  -  10)  and  showed  no 
time-depender.t  inactivation.  At  +40  mV  depolarisations, 
the  current  reached  a  peak  value  of  1.376  ±  231  PA  («;- 
20).  The  time  constants  for  activation  could  be  representeo 
by  a  single  exponential  at  more  negative  voltage  levels  an- 
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Tail  Current  Analyses 

The  outward  current ere.  ^ “*  £ 

,  holding  potential  of  -60  mV  ^ -  nV.  ^  ^  ^ 
stepped  10  vol:2giS  tcr^  tt  ,  r*-,.-.  ?  Ra-'id  voltage- 
currents  were  recorded  as  shown  m  r 

dependent  U*d^«*£ ^f^tia,  for 
- ■  ioneenttation  ptodeee  jyneo-eenttationaoH.S, 

the  outward  current.  In  external  KCko..  -n  _  . 

*  tt!  nV.r’d  lunll  nV,  &-** 

(0  7>:  Foe  .Fes.  KCl 

carried  by  K  tons.  1  he  rapi  .C-«ceofuse-dependent 

peakVmplitudn^uctio^i  when  cells  were  repetitively  depo- 
larited  at  intervals  of  1  s  (n  =  &)■ 


/oltage  Ramps 

vfter  holding  the  membrane  potenti^atjSOm  ^ 

ramps  were  applied  to  the  ce  ™j"'*y‘  hi  shown  in 
o  + 40  mV,  with  the  resulting  1  u.  h 
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Ftguta  3.m«  -on  jnd  ,e.M  increasing  pipette 
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and  to  have  a  strong  “  ,  which  cells  were 

K'  channels.  Results  of  5  jWn  in  Figure  5. 

depolarired  ar.er  exposu.c  trgting  an  insensitivity 

Calculated  !C» was /.8p .  ■  *•  nfVTX  Both  the 
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conreiningCTX  completely  , .pitted  the  bath  . 

assure  complex  mixing. 


» 52 


Figure  A.  Effects  of  TEA  chloride.  Dose-related  reduction 

in  peak  current  followins  exposure  to  TEA  chloride  is  de  mon¬ 
strated.  Inset:  Typical  current  recordings  of  a  step  depolariza¬ 
tion  from  -  80  mV  to  +  20  mV  after  exposure  to  increasing 
TEA  Cl  concentrations.  •?<  0.0001  »r.  control  by  one-way 
ANOVA  for  repeated  measures  and  Tukey’s  Honestly  Sigmfi- 
cant  Different  Test. 

Inward  Currents 

SODIUM.  To  determine  whether  a  sccium  Inward  current 
was  present,  we  addedTTX  (3  x  10-{M):o:hebath  solution. 
The  membrane  was  subjected  to  a  more  negative  holding 
potential  to  remove  any  inactivation  that  might  be  present, 
and  the  membrane  was  then  depolarized  by  step  pulses.  No 
effect  on  the  whole-cell  current  was  detected,  leading  us  to 
conclude  that  a  voltage-gated  sodium  current  is  not  present. 

POTASSIUM.  Experiments  were  designed  to  test  for  the 
presence  of  an  inward  potassium  rectifier.  The  membrane 


FiGURE  5.  Effects  cfCTX.  Increasing  concentrations  ofCTX 
produce  minimal  decreases  in  peak  outward  current  follow  ing 
a  'depolarisation  of  -  SO  mV  to  +  20  mV  (P  =  O.l  1).  Inset: 
Typical  current  recordings  after  exposure  :o  each  concentra¬ 
tion  ofCTX, 
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FIGURE  6.  Augmentation  of  outward  current  by  aspartate 


substitution. 

was  stepped  to  various  hyperpolanted  potentials  in  ph^s.o- 
logical,  reversed,  and  altered  extracellular  potassium  concen¬ 
trations.  There  were  no  currents  detected  under  these  condi¬ 
tions.  _ 

CALCIUM.  Increased  amounts  of  calcium  delivered  born 
to  the  pipette  and  to  the  bath  did  not  effect  any  changes 
in  the  outward  current.  With  potassium  replaced  by  CsCl 
in  the  pipette  and  with  TEA  in  the  bath,  increased  calcium 
in  and  out  and  addition  of  BaCl:  (20  mM)  did  not  reveal 
any  inward  current..  Addition  ofCTX  did  not  change  the  - 
’magnitude  or  time  course  of  the  potassium  current.  Ve 
conclude  that  calcium  does  not  affect  this  voltage-gated 
potassium  cu::sr»t. 

CHLORIDE.  The  substitution  of  aspartate  for  chloride  in 
the  bath  solution  greatly  enhanced  the  potassium  current, 
as  shown  in  Figure  6.  The  membrane  potential  was  held  .t 
-  SO  mV,  after  which  depolarizing  steps  were  delivered  from 
-120  mV  to  £0  mV.  The  marked  increase  in  the  total 
outward  current  is  shown  in  the  current  traces  and  in  the 
1  i*s.  V  relationship. 

Chloride  substitution  experiments,  tested  by  tail-current 
analyses,  gave  further  evidence  of  the  chloride  component 
of  the  total  current,  as  shown  in  Figute  7A-D.  The  ce! 
membrane  was  he’d  at  -  SO  mV  and  then  depolarized  to  -.0 
mV.  Tail  currents  were  then  measured  as  the  membrane 


T 


i cr*  Cu 


r; cnti  in  F- : c r i :  Csr.ccr 


-r.eC,  V  RO  mV.  Shewn  are  tail  current,  produced  by  voltage 
t:al  of  60  ^  *  y  'T*he  current- voltage  curves  for 

steps  from  20  to  -  -  *  *  .  pl-%«ste  contained  140 

*MKaV^VS‘.^ 

»«“«  IS&SSm 

tennal. 

was  stepped  from  20  to  -120  mV  in  a  normal  physiological 
g-adient  (Fig.  7A).  The  potassium  content  of  the  bathm 
solution  was  then  elevated  so  that  the 
was  ^metrical (Fig. 73). Under th:s corw-won, the  .eve.s 
3  was  near  0  mV,  (1  vs.  V  graph)  as  one 
I  . diet  for  a  potassium  current.  The  reversal  potent.. I  was 
then  observed  to  shift  as  K*  aspartate  was  *u-$«rote^  f®| 
KC1  (Fig.  7C).  The  reversal  potential  again  shn.ed  along 
the  voltage  axis  as  the  bath  was  changed  to  contatn  t0  mM 
KC1  and  70  nM  K  aspartate  (Fig.  7D). 

“  L  *L.  in  *.  oo.w.rd  CM*** 

ubea the  chloride  eh.nnel  blocker  DiDow»i  td-rf  » 

bath.  Application  of  a  continuous  ram?  o.mcreas.ngv  s- 

(-140  to  40  mV)  from  a  holding  voltage  o.  -  SO  rn^  r“^ 
in  an  increase  in  the  outward  current  com l.£- -P*  0 
1  255  PA.  as  shown  in  Figure  8.  *c  conclude  from  the., 
data  that  a  chlorite  current  is  present  in  n.ese  cels. 

discussion 

The  voltage-gated  potassium  current  we  have  char 
inT4?D  breast  cancer  cells  activates  tapicly  2t  aJe^fcra^ 
veUa*e  of  -40  mV,  is  outwardly  rectirying.  and  displays  no 

time-dependent  inactivation.  Peak  currents  are  very  large 
and  at  a  decollation  level  of  40  mV  (noldir.gr  -  m  . 
ached  levels  cf  1.4  nA.  This  current  is  sensitive  to  bW 


re 


ririlRPfi  I~ crease  "in  outward  current  after  addition  of 
DUDS.  From  a  holding  potential  of  -  SO  mV .  a 


ionf  After  thVaddidonofDIDS  4X10'*  M  to  the  bath,  peak 

that  D1DS  blocked  an  inward  Cl  current. 


fcy  TEA  but  not  to  CTX.  TEA  is  a  widely  documented 
blocker  of  a  potassium  channels,  but  C  t  X  is  n0W  Jun_ 
to  block  other  potassium  channels  as  well  as  the c.ku  • 
activated  potassium  channels  [22).  In  some  cells,  CTX  bloocs  . 
even  the  voltage-gated  maxi-K  channel 
merits  reported  here,  increased  levels  of  internal  calc.. m 
did  not  effect  any  change  in  either  the  ^  of  t 

potassium  current  or  in  the  reversal  potential,  resd«  n.  t 
indicate  that  a  calcium-actlvated  potassium  current  is  e....e. 
not  present  or  is  of  such  relative  magnitude  compare 
the  outward  rectifier  that  it  is  not  readily  visible  by  . 
whole-cell  technique.  In  experiments  in  which 
brane  holding  potential  was  increased^  hyp-P^.^ 
levels  of  - 140  mV,  no  evidence  of  an  inward  iecn»e.w 
seen.  The  reversal  potentials  measured  in  a  «n.*e  °  |*“£ 
membrane  potassium  concentrations  compared  with  re¬ 
calculated  values  provide  clear  evidence  for  theiot»» -truuy 
of  the  charge  carrier.  This  current  was  no  changed  in  t,.e 
presence  of  tertodorexin,  an  observation  that  supports  ou. 
conclusion  that  a  sodium  current  is  not  present. 

Th U  repo:,  tarns  *.  to  «»rdlnS<  of 
.civil,  flu 3  ihtT«D cell  lineofhuiniribie.il  e.ne.r..n 
eoiiheli.Mike  tel!  line  cbl.ined  Som  en  mfi  ii.nnt  *■<  .1 

^;tb:S^^^:V„.m,.TK.,eo, 

eluded,  (ion  ..penmen, i  osin,  ta 

o„eellP,oli!e:i,ion..bc.^nd,c.vmdpo^-)lv;j 

nA  (i  e  an  AT?-«ns:nvc  channel)  is  most  UKciy 
in  ,Se  pro  ifer.licn  of  MCF-7  cell.,  to  .  preliminary  lepo. 

c(™,4e.e..mpe,p«iir«o,|2^^-;;'i: 

voltace  relations  were  described  in  MU-  /  can 

the  presence  cfMg-UDP  (uridine  diphosphate  t^n^ 

activation  cfKAtr)  in  the  pipette,  linear  lvs.  Vr 
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showed  reversal  pc: c n: : 2 Is  of  -  62  mV  -  7  m\_,  *c.pcc^ 
;:vely,  while  a  third  current  was  outwardly  rectifying  and 
reversed  at  -  23  mV.  Only-  the  third  type  was  observed  when 
2  mM  ATP  was  also  added  to  the  pipette-  I  he  only  current 
reported  that  appears  similar  to  the  outward  recutier  we 
describe  in  T47D  ceils  is  a  linear  current  with  a  reversal 
potential  of  -62  mV.  The  major  potassium  current  in  these 
two  cell  lines  seems  to  be  remarkably-different.  While  we 
have  not  yet  specifically  studied  the  effects  of  ATP,  we  did 
note  an  increased  leakage  current  in  symmetrical  potassium,  . 
which  suggests  the  presence  of  an  additional  component. 

Evidence  is  presented  here  for  the  presence  in  T47D  cells 

of  a  chloride  channel.  The  data  include  enhancement  of 
the  outward  current  by  aspartate  substitution  for  chloride, 
enhancement  of  the  outward  current  in  the  presence  o  t  e 
chloride  blocking  agent  D1DS,  and  the  shift  of  the  reversal 
potential  in  the  presence  of  altered  chloride  concentrations 
in  the  bath.  These  data  are  consistent  with  the  criteria  for 

the  identification  of  a  chloride  current. 

In  view  of  the  complex  nature  and  behavior  of  breast 
cancer  cells,  it  is  not  difficult  to  appreciate  that  chloride  ions 
may  function  in  multiple  roles  (e.g.,  membrane  stabilisation, 
regulation  of  intracellular  pH,  modulation  of  secretion,  and 
cell  volume  control).  These  cells  exhibit  prolific  secretory 
behavior.  Another  possibility  to  be  considered  in  regard  to 
this  chloride  current  is  that  the  aspartate  itself  may  unmasx 
a  different  potassium  component,  since  a  variety  of  ammo 
acids  are  known  to  exert  excitatory  effects  on  cells  that  have 
receptors  for  these  agents  (25].  Further  studies  should  help 
to  characterize  and  identify  this  component  of  the  whole-cell 
currents. 

Whether  the  apparent  differences  in  the  currents  mea¬ 
sured  in  the  MCF7  and  T47D  cell  lines  are  related  to  some 
basic  property  of  these  two  types  of  cells  or  to  variations  in 
the  stage  of  the  cell  cycle  may  be  resolved  in  future  studies 
using  cell-cycle-synchronized  cultures.  Based  on  previous 
Studies  with  other  cell  types  (1),  we  suggest  that  it  is  more 
likely  that  the  potassium  current  will  be  involved  in  modula¬ 
tion  of  the  cell  cycle  while  the  chloride  channel  will  be  linked 
to  secretion,  regulation  of  cell  volume,  or  some  other  celluU* 
function. 

Supported  in  port  by  the  Norris  Cotton  Center  Center,  the  NCI  core 
rent  of  At  NCCC  (CA  23  JOS),  end  by  Depemr.ent  of  Defense  {tents 
DAMD  J7-9fJ-rJ3J  (M.J.F.)  end  DAMP  ]/-?-Mri253  (W.G.N.). 
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Immunohistochemical  evaluation  of  vasopressin  gene  expression  in  librocystic  breast 
disease. 
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Summary:  We  previously  found  that  expression  of  the  vasopressin  gene  is  a  common 
feature  of  human  breast  cancer.  In  the  present  study  we  examined  17  different  cases 
of  benign  fibrocystic  breast  disease  for  vasopressin  expression  using 
immunohistochemistry  and  antibodies  directed  against  vasopressin  and  vasopressin- 
associated  gly copeptide.  All  cases  examined  were  negative  for  vasopressin  gene 
expression  using  these  antibodies.  These  results  suggest  that  vasopressin  gene 
expression  occurs  as  part  of  the  carcinogenic  process  rather  than  being  a  marker  of 
cellular  proliferation  in  the  breast. 
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Introduction 

Although  a  number  of  risk  factors  have  been  identified  as  possible  causative 
agents  for  breast  cancer,  the  etiological  origin  of  this  disease  remains  obscure 
(Henderson,  1993).  Among  those  conditions  which  are  predisposing  towards  breast 
cancer  are  proliferative  breast  disease,  particulary  atypical  ductal  and  lobular 
hyperplasia  (Dupont  and  Page,  1985;  London  et  al.,  1992;  Connolly  and  Schnitt, 

1993;  Dupont  et  al.,  1993).  Atypical  hyperplasia  is  classified  as  a  borderline  lesion 
because  it  has  some  of  the  histological  features  of  carcinoma  in  situ.  Previously  we 
found  that  expression  of  the  vasopressin  gene  is  a  common  feature  of  human  breast 
cancer  using  immunocytochemistry  and  antibodies  directed  against  different  regions 
of  the  vasopressin  precursor  (North  et  al.,  1995).  These  results  lead  to  the  possibility 
that  vasopressin  expression  could  either,  be  a  marker  of  cellular  proliferation, 
represent  part  of  the  oncogenic  process,  or  be  a  recognizable  feature  of  cancer 
progenitor  cells  in  precancerous  breast  lesions.  We  have  commenced  efforts  to 
examine  these  questions  by  performing  an  immunohistochemical  evaluation  for 
vasopressin  gene-expression  using  archival  material  representing  various  fibrocystic 
breast  lesions. 

Materials  and  Methods 
Tissues 

Formalin-fixed  biopsy  specimens  were  obtained  from  17  patients  with  various 
forms  of  benign  breast  disease  who  were  examined  between  1975  -  1984  at 
Dartmouth  Hitchcock  Medical  Center  (DHMC,  Lebanon,  NH).  The  cases  included,  4 
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cases  of  fibrocystic  disease  without  hyperplasia,  9  cases  of  fibrocystic  disease  with 
ductal  or  lobular  hyperplasia,  and  4  cases  of  fibrocystic  disease  with  atypical  ductal 
hyperplasia.  Diagnosis  from  pathology  reports  was  confirmed  by  examining 
hematoxylin-  and  eosin-  stained  sections.  These  cases  were  followed  for  the 
subsequent  development  of  breast  cancer.  Formalin-fixed  specimens  of  human 
hypothalamus  and  pituitary  were  obtained  from  autopsies  performed  at  DHMC. 

Antibodies 

Rabbit  polyclonal  antibodies  directed  against  vasopressin  and  the  18  ammo 
acid  C-terminal  vasopressin-associated  glycopeptide  were  prepared  using 
previously  published  methods  (North  et  al.,  1991;  Friedmann  et  al.,  1994).  Antibody 
purification  involved  ammonium  sulfate  precipitation  of  the  immunoglobulin  fraction, 
and  fractionation  on  a  column  of  protein  A  Sepharose  with  pH  gradient  elution  (pH  7.6 
pH  3.0).  Antibodies  were  obtained  as  a  pH  4.0  subtraction,  dialyzed  and  lyophilized. 
Based  on  dilution  trials,  antibodies  to  vasopressin  and  vasopressin-associated 
glycopeptide  were  used  at  concentrations  of  11  ng/ml  (1:2,000)  and  190  ng/ml 
(1 :800),  respectively.  Protein  concentrations  were  determined  using  differential 

spectroscopy  (Waddell,  1956). 

Immunohistochemistry 

Sections  of  4  -  6  microns  from  each  specimen  of  fibrocystic  breast  disease 
were  deparaffinised  and.  stained  for  vasopressin  and  vasopressin-associated 
glycopeptide  using  the  Vectastain  Elite  kit  (Vector  Laboratories,  Burlingame,  CA,  . 
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USA)  and  avidin-biotin  complex  (ABC)  immunohistochemistry  (Guesdon  et  a!.,  1979). 
Tissues  were  rehydrated  by  washing  with  xylene,  descending  concentrations  of 
ethanol,  and  PBS  (2  x  3  min,  ambient  temperature).  Slides  were  blocked  with  10% 
normal  goat  serum  in  PBS  for  20  min  at  ambient  temperature.  The  blocking  solution 
was  aspirated  and  sections  incubated  overnight  at  4  CC  with  primary  antibody  diluted 
in  PBS  with  1.5%  goat  serum.  Following  incubation  with  primary  antibody  the  slides 
were  washed  with  PBS  (2x3  min).  Goat'anti-rabbit  biotinylated  secondary  antibody 
diluted  in  PBS  containing  1.5%  goat  serum  was  applied  at  a  concentration  of  20  pg/ml 
for  30  min.  Unbound  secondary  antibody  was  removed  by  washing  2  x  3  min  with 
PBS,  and  endogenous  peroxidase  activity  blocked  using  3%  hydrogen  peroxide 
dissolved  in  absolute  methanol  (Streefkerk,  1972).  After  washing  with  PBS  (3  x5  min) 

,  slides  were  incubated  with  the  avidin-peroxidase  complex  (25  pg/ml)  for  30  min  at 
ambient  temperature.  Slides  were  washed  with  PBS  (2x3  min),  and  visualization  of 
bound  complex  was  achieved  by  adding  a  solution  of  3,3’diaminobenzidme  (0.2 
mg/ml  in  PBS  with  0.03%  hydrogen  peroxide)  for  2  -  5  min.  Tissues  were  then 
counterstained  with  hematoxylin,  dehydrated  in  ascending  concentrations  of  ethanol, 
washed  in  xylene,  and  coverslipped  using  permount.  Antibody  specificity  was 
insured  by  incubating  negative  controls  with  pre-immune  rabbit  serum  fractionated, 

using  protein  A  Sepharose,  at  pH  4.0. 

Results 

Positive  immunohistochemical  staining  was  obtained  for  vasopressin  neurons 
in  human  hypothalamus  and  for  neuronal  terminals  of  these  neurons  in  the  posterior 
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pituitary  with  both  antibody  preparations  (data  not  shewn).  Alternatively,  negative 
staining  was  obtained  with  both  of  these  antibodies  in  the  17  cases  of  benign  breast 
disease.  In  several  tissue  sections  staining  of  mononuclear  cells  was  evident. 
Staining  of  sections  with  pre-immune  rabbit  serum  resulted  in  a  lack  of  staining.  As 
demonstrated  previously,  Fig  la  demonstrates  positive  staining  of  an  acetone-fixed 
infiltrating  ductal  breast  cancer  biopsy  specimen  with  the  vasopressin-associated 
glycopeptide  antibody  (North  et  al.,  1995).'  In  this  section  the  breast  cancer  cells 
demonstrate  intense  staining,  and  the  normal  ducts  of  the  breast  are  unstained. 

Figure  1b  demonstrates  a  tissue  section  of  fibrocystic  disease  with  adenosis  which 
showed  no  immunostaining  with  the  antibody  to  vasopressin-associated 
glycopeptide.  A  case  of  atypical  ductal  hyperplasia  is  represented  in  Fig  1c  which 
exhibited  negative  staining  with  the  antibody  to  vasopressin .  It  should  be  noted  that 
the  nuclei  of  cells  appear  dark  because  the  nuclear  counterstain  hematoxylin  was 
used.  Follow-up  of  the  medical  records  revealed  that  three  individuals,  one  from 
each  classification  group,  subsequently  developed  breast  cancer. 


Discussion 

There  is  an  increasing  body  of  evidence  which  supports  a  connection  between 
vasopressin  and  breast  cancer.  There  are  two  published  clinical  reports  of  patients 
with  breast  cancer  presenting  with  the  syndrome  of  inappropriate  antidiuretic  hormone 
secretion  (Gupta  et  al.,  1986;  Howard  et  al.,  1993).  Both  in  vitro  and  in  vivo  studies 
support  a  connection  between  vasopressin  and  breast  cancer.  Several  studies 
indicate  that  a  cell  line  derived  from  a  dimethylbenz(a)anthracene-induced  rat 
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mammary  tumor  possesses  functional  V1a 


vasopressin  receptors  (Monaco  et  al., 


1978;  Monaco  et  al.,  1980;  Guillon.et  al.,  1986, 


Kirk  et  al.,  1986;  Woods  and  Monaco, 


1988  ).  Vasopressin  was  shown  to  have  a  growth-promoting  influence  on  MCF-7 
breast  cancer  cells,  presumably  through  V,  vasopressin  receptors  (Taylor  et  al., 
1990).  Another  study  has  demonstrated  that  vasopressin-induces  a  rise  in 


intracellular  free  calcium  in  a  human  breast  cancer  cell  line  (Bunn  et  al.,  1992).  In  a 
transgenic  mouse  model  of  breast  cancer,  ectopic  vasopressin  was  found  to  stimulate 
cancer  growth,  but  did  not  influence  the  time  to  tumor  onset  (Chooi  et  al.,  1994). 

Using  antibodies  directed  against  various  regions  of  the  vasopressin 
prohormone  and  the  technique  of  immunohistochemistry  we  found  that  expression  of 
vasopressin  gene-related  products  is  a  common  feature  of  breast  cancers  (North  et 
al.,  1995).  In  the  present  study  it  was  found  that  the  various  cases  of  fibrocystic 
disease  did  not  exhibit  staining  with  antibodies  directed  against  vasopressin  or 
vasopressin-associated  glycopeptide.  These  two  antibodies  had  previously  given 
positive  immunostaining  with  all  of  the  breast  cancer  specimens  examined.  The 
results  obtained  in  the  present  study  suggest  that  expression  of  vasopressin  gene- 
related  products  is  associated  with  the  carcinogenic  process  and  not  with  benign 
breast  disease.  These  results  also  indicate  that  expression  of  vasopressin  gene- 
related  products  is  not  just  a  marker  of  proliferation  in  the  breast  as  indicated  by  the 
lack  of  staining  of  the  tissue  sections  consisting  of  hyperplasia.  Examination  of 
subsequent  medical  records  for  these  patients  indicated  that  3  of  these  cases  (1  case 
of  fibrocystic  disease  without  hyperplasia,  1  case  of  fibrocystic  disease  with 
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hyperplasia.  1  case  of  fibrocystic  disease  with  atypical  hyperplasia)  wen,  on  to 
develop  breast  cancer.  Although  the  sample  number  is  small  these  findings  suggest 
,ha,  vasopressin  gene-elated  products  are  no,  markers  o,  premalignan,  lesions  which 
wi„  subsequently  develop  into  breast  cancer.  Such  findings  are  consistent  with  those 
obtained  by  Chooi  et  al.  (1994)  with  MMTV-VP  vasopressin  transgenic  mice,  in 
these  animals  it  was  obse.ed  that  vasopressin  had  no  influence  on  normal  mammaqr 
gland  function  and  development,  and  did  not  cause  the  development  of  hyperplastic 
alveolar  nodules  and  ductal  hyperplasia.  Taken  together,  these  data  are  suggestive 
that  vasopressin  gene  expression  is  no,  involved  in  benign  breast  disease,  and  is  not 
a  marker  o,  preneoplastic  changes  in  the  breast.  I,  would  therefore  seem  to  be  a 
marker  of  the  carcinogenic  process  in  the  breast.  We  are  in  the  process  of  examining 
cases  of  carcinoma  in  s/futo  determine  if  vasopressin  gene-related  products  are 
delectable  at  this  stage  of  breast  cancer. 
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Figure  1  a,  Positive  staining  for  vasopressin-associated  glycopeptide  in  a  tissue 
section  of  infiltrating  ductal  breast  cancer.  Note  the  lack  of  staining  in  a  normal 
structure,  as  indicated  by  the  arrow  (magnification  =  147  x).  b,  Negative  staining  for 
vasopressin  in  a  tissue  section  of  fibrocystic  disease  with  atypical  ductal  hyperplasia 
(magnification  =  147  x).  c,  Negative  staining  for  vasopressin-associated 
glycopeptide  in  a  tissue  section  of  fibrocystic  disease  with  adenosis  (magnification  = 
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Summary 

HVACM,  also  known  as  Cul-5,  is  a  member  of  the  cullin  protein  family.  Cullins  are 
involved  in  the  ubiquitin-mediated  degradation  of  cell  cycle  proteins,  but  the  precise 
function(s)  of  Cul-5,  a  protein  that  interacts  with  the  hormone  vasopressin,  is 
unknown.  We  developed  polyclonal  antibodies  against  this  protein,  and  looked  for 


Cul-5  expression  in  AMeX-processed  normal  human  tissues.  Cul-5  is  expressed 
intracellularly  in  kidney  distal  convoluted  tubule,  skeletal  muscle  capillary 
endothelial  cells,  Kupffer  cells  of  the  liver,  and  by  cells  inhabiting  the  germinal 
centers  of  lymph  nodes.  Cul-5  is  not  expressed  by  normal  human  lung  which  is 
interesting  given  that  Cul-5  was  cloned  from  a  human  lung  cancer  cell  line.  It  is 
concluded  that  Cul-5  is  an  intracellular  protein  that  is  expressed  by  several  human 
cell  types,  and  may  play  roles  in  skeletal  muscle  vascular  physiology,  kidney 
physiology,  and  immune  cell  function. 

Introduction 

The  human  vasopressin-activated  calcium-mobilizing  receptor  (HVACM) 
was  cloned  from  a  human  small  cell  lung  carcinoma  (SCLC)  cell  line  (Longo,  Fay  et 
al.  1998),  and  has  recently  been  renamed  Cul-5.  The  Cul-5  cDNA  (GenBank 
accession  number  AF017061)  encodes  a  putative  protein  of  780  amino  acids,  with  a 
predicted  molecular  weight  of  91  kD.  Cul-5  can  interact  specifically  with  vasopressin 
(A VP),  which  promotes  intracellular  calcium  mobilization.  However,  Cul-5  is 
structurally  distinct  from  the  AVP  Via  receptor  subtype:  Cul-5  contains  no  predicted 
transmembrane  domain  (Longo,  Fay  et  al.  1998).  The  Via  receptor  contains  seven 
transmembrane  domains,  is  G-protein-linked,  and  is  also  capable  of  promoting 
intracellular  calcium  mobilization  in  response  to  AVP  stimulation  through  a 
mechanism  that  involves  inositol  triphosphate  (Howl,  Ismail  et  al.  1991; 

Nathanson,  Moyer  et  al.  1992;  Thibonnier,  Auzan  et  al.  1994). 

Cul-5  is  homologous  to  the  cullins,  a  relatively  new  family  of  proteins,  which 
are  involved  in  the  ubiquitin-mediated  degradation  of  cell  cycle  proteins  (Kipreos, 
Lander  et  al.  1996;  Byrd,  Stankovic  et  al.  1997;  Longo,  Fay  et  al.  1998).  The  function  of 
Cul-5  is  unknown,  although  its  considerable  C-terminal  homology  to  the  cullins 
suggests  that  it  too  may  be  involved  in  ubiquitin-mediated  cell  cycle  protein 


degradation  (Longo,  Fay  et  al.  1998).  The  nuclear  cullin  protein  Cdc53,  which  has 
orthologues  expressed  in  yeast  and  humans,  interacts  specifically  with  the  ubiquitin 
ligase  Cdc34  and  the  F-box  protein  Cdc4  (Feldman,  Correll  et  al.  1997).  Together, 
these  proteins  direct  the  ubiquitinization  of  the  Gl/S  phase  transition  regulatory 
protein  Sicl  (Mathias,  Johnson  et  al.  1996;  Verma,  Feldman  et  al.  1997).  Cdc53  has 
no  catalytic  activity,  and  is  believed  to  act  as  a  scaffolding  protein  for  the  assembly  of 
the  ubiquitin  ligase  complex  (Patton,  Willems  et  al.  1998).  In  this  capacity,  Cdc53 
(and  other  cullins)  may  partially  determine  the  substrate  specificity,  and  hence  the 
functional  specificity,  of  ubiquitin  ligase  complexes  (Kipreos,  Lander  et  al.  1996; 
Willems,  Lanker  et  al.  1996).  The  growing  number  of  cullin  family  proteins  in 
humans  suggests  that  different  cullins  may  be  involved  in  different 
ubiquitinization  events  (Kipreos,  Lander  et  al.  1996).  Therefore,  an  analysis  of  the 
tissue-specific  expression  of  Cul-5  might  provide  clues  as  to  the  function  of  this 
protein  in  humans. 

Cul-5-spedfic  polyclonal  antibodies  were  prepared  by  immunizing  rabbits 
with  a  synthetic  peptide  representing  the  N-terminal  15  amino  adds  of  Cul-5, 
conjugated  to  keyhole  lympet  hemocyanin.  Analysis  of  Cul-5  expression  in  various 
AMeX-processed  normal  human  tissues  was  evaluated  by  immunohistochemistry. 
The  normal  human  tissues  lung,  kidney,  liver,  lymph  node,  and  skeletal  muscle 
were  fixed  immediately  after  biopsy  by  the  AMeX  method,  which  is  thought  to 
preserve  the  antigenicity  of  cellular  proteins  (Kiernan  1990). 

Positive  staining  for  Cul-5  was  noted  in  capillary  endothelial  cells  of  skeletal 

muscle,  cells  comprising  the  distal  convoluted  tubules  of  the  kidney,  Kupffer  cells 

inhabiting  the  liver  sinusoids,  and  cells  inhabiting  the  germinal  centers  of  lymph 

nodes  (which  are  presumably  lymphocytes  undergoing  antigenic  challenge  and 
& 

differentiation  in  mature  lymphocytes). 

A 


Of  interest  was  the  apparent  absence  of  staining  of  human  lung  epithelium, 
or  lung  capillary  endothelium,  but  a  positive  staining  of  immune  cell  types  such  as 
polymorphonuclear  (PMN)  cells,  occupying  the  alveolar  spaces.  Positive  staining  of 
PMNs  in  the  lung  was  also  noted  with  pre-immune  antibodies,  and  when  anti-Cul- 
5  antibodies  were  pre-incubated  with  the  Cul-5  peptide  immunogen.  The  staining 
of  PMN  cells  was  further  investigated  using  flow  cytometric  analysis  of  isolated 
peripheral  blood  lymphocytes,  monocytes,  and  PMNs.  These  experiments 
confirmed  that  PMN  staining  occurred  with  equal  intensity  using  either  the  anti- 
Cul-5  antibodies,  or  pre-immune  antibodies. 

These  results  indicate  that  Cul-5  may  be  playing  roles  in  the  vascular 
physiology  of  skeletal  muscle,  as  well  as  in  the  physiology  of  the  distal  convoluted 
tubules  of  the  kidney.  Furthermore,  Cul-5  appears  to  be  expressed  in  maturing 
lymphocytes  of  the  lymph  nodes,  as  well  as  in  Kupffer  cells,  which  are  macrophages 
endogenous  to  the  liver,  suggesting  that  Cul-5  may  influence  myelopoeisis  or 
immune  cell  function.  Cul-5^vv^<^was  cloned  from  human  SCLC,  was  not 
observed  in  lung  tissue,  suggestii^that  SCLC  does  not  arise  from  lung  tissue  proper, 
but  rather  from  cells  of  myeloid  origin  (Ruff  and  Pert  1984). 

Materials  and  methods 

Development  of  polyclonal  antibodies  directed  against  an  Cul-5  epitope 
Cul-5-specific  polyclonal  antibodies  were  prepared  by  and  purchased  from  Bio- 
Synthesis,  Inc.  (Lewisville,  TX).  Two  New  Zealand  White  rabbits  were  immunized 
with  a  synthetic  peptide  of  the  following  amino  acid  sequence: 
MATSNLLKNKGSLQFC.  (This  sequence  comprises  the  amino  terminal  15  amino 
acids  of  the^pytativ^  Cul-5  protein.)  The  peptide  was  conjugated  to  the  carrier 
protein  keyhole^limpet  hemocyanin  via  a  sixteenth  C-terminal  cysteine  residue  on 


% 

the  peptide.  Rabbit  serum  antibody  titers  were  assessed  using  an  ELISA-based  assay. 
When  titers  were  satisfactory,  the  rabbits  were  sacrificed  and  their  blood  collected  by 
cardiac  puncture,  and  antibody-rich  supernatant,  or  serum,  was  collected  and  stored 
at  -20'  C.  For  this  study,  antibodies  in  serum  were  purified  using  a  protein  A- 
Sepharose  column  (Ausubel,  Brent  et  al.  1988).  Specificity  of  the  antibodies  for  Cul-5 
was  confirmed  using  Western  blot  analysis  of  cellular  protein  lysates  from  COS-7 
cells  over-expressing  the  cloned  Cul-5. 

Tissue  Preparation 

All  normal  tissues  used  in  these  studies  were  obtained  from  the  Pathology 
Department  at  the  Dartmouth  Hitchcock  Medical  Center,  Lebanon,  NH,  and 
represented  the  following -tissu^  lung,  liver,  kidney,  lymph  node,  and  skeletal  \ 
muscle.  All  tissues  were  fixed  by  the  AMeX  (Acetone,  Methyl  benzoate.  Xylene) 
method  (Sato,  Mukai  et  al.  1986).  Following  fixation,  the  tissues  were  embedded  in 
paraffin  wax,  sliced  into  4  pm  sections,  and  mounted  on  silane-coated  glass  slides. 
Tissues  on  slides  were  de-paraffinized  by  initially  baking  the  slides  in  60*  C  oven  for 
20  min,  followed  by  four  submersions  in  100%  Xylene,  for  5  min  each.  The  slides 
were  then  dipped  in  acetone  20  times,  and  washed  with  ddH20  for  2  min. 

Immunohistochemistry 

Endogenous  peroxidase  activity  was  removed  from  de-paraffinized  tissues  by 
immersion  in  a  0.3%  peroxide  solution  for  20  min,  followed  by  washing  with 
ddH20,  and  then  PBS  buffer.  This  was  followed  by  washing  with  95%  ethanol,  and 
rinsing  with  PBS  buffer.  Human  Fc  receptors  were  blocked  by  addition  of  100  pi  of 
human  IgG  in  PBS  buffer  (1  mg/ml),  incubated  for  20  min  at  room  temperature,  and 
then  rinsed  with  PBS  buffer.  The  primary  antibodies  (either  anti-Cul-5  or  pre- 
immune  IgGs)  were  prepared  in  stock  solutions  of  1  mg/ ml  in  PBS  buffer 


containing  0.1%  sodium  azide,  and  were  utilized  at  dilutions  of  1:400  in  PBS  buffer 
containing  10%  goat  serum,  and  the  tissues  were  incubated  for  12-18  h  at  4'C. 
(Antibody  dilutions  were  initially  tested  ranging  from  1:50  to  1:1600.  A  dilution  of 
1:400  of  protein  A-purified  antibodies  was  deemed  optimal  on  the  basis  of  contrast 
staining  between  anti-Cul-5  antibodies  and  pre-immune  antibodies.)  The  following 
antibodies  were  removed  by  washing  with  PBS  buffer  at  room  temperature. 
A  solution  of  biotinylated  secondary  goat  anti-rabbit  antibody  was  applied  to  each 
section  and  incubated  for  30  min.  Following  washing  of  the  secondary  antibody 
with  PBS  buffer  ABC  solution  (avidin-biotin-horseradish  peroxidase,  Ventana 
Medical  Systems,  Tucson,  AZ)  was  added  to  each  section  for  30  min.  Non-bound 
peroxidase  was  removed  by  washing  with  PBS  buffer.  Visualization  of  staining  was 
performed  by  addition  of  a  3,3'  diaminobenzidine  (DAB)  for  8  min,  rinsed  with  PBS 
buffer,  counterstained  with  Hematoxylin,  rinsed  with  PBS  buffer,  washed  with 
xylene,  and  coverslipped  with  Aquamount. 

Flow  cytometric  analysis  of  HVACM  expression  in  PMNs 

Peripheral  blood  cells  (lymphocytes,  monocytes,  and  PMNs)  isolated  using  a  Ficoll 
gradient,  washed  with  PBS  buffer  containing  0.1%  bovine  albumin  serum  (BSA), 
Fraction  V.  Cells  were  stained  for  Cul-5  intracellularly.  The  cells  were  fixed  in  PBS 
buffer  containing  l%(Sj£>for  30  min,  on  ice,  and  then  permeabilized  with  staining 
buffer  (PBS  buffer  containing  1%  BSA,  0.1%  sodium  azide,  and  0.3%  saponin).  Anti 
Cul-5  antibodies  or  pre-immune  antibodies  were  diluted  in  staining  buffer  (final 
concentration  of  antibodies:  0.4  pg/ml).  The  cells  were  incubated  in  the  presence  of 
antibodies  for  15  min,  on  ice,  washed  with  staining  buffer,  stained  with  goat  anti- 
rabbit-FITC  (Life  Technologies,  Gaithersburg,  MD),  and  finally  washed  again  with 
staining  buffer.  The  cells  were  analyzed  with  a  Becton  Dickinson  FACScan  five 
parameter  flow  cytometer.  Cul-5  expression  was  analyzed  by  laser-stimulated  FITC 


excitation  (495  nm)  and  detected  emission  (519  nm).  Expression  of  Cul-5  was  gauged 
against  pre-immune  antibodies  by  comparison  of  histograms  of  fluorescence 

intensity. 

SDS-polyacrylamide  gel  electrophoresis  (PAGE)  and  Western  blot  analysis 
Protein  lysates  from  COS-7  cells  over-expressing  Cul-5  were  separated  by  10%  SDS- 
PAGE  at  75  V  for  2.5  h  at  room  temperature  in  a  Tris-glydne  buffer  (25  mM  Tris- 
base,  pH  8.3, 192  mM  glycine,  0.1%  SDS)  (Laemmli  1970;  Ausubel,  Brent  et  al.  1988). 
The  gels  were  rinsed  briefly  with  distilled  water,  and  proteins  were  transferred  to  a 
methanol-activated  Imobilon-P  membrane  (0.45  pm  porosity)  (Millipore  Inc., 
Bedford,  MA)  at  15  V,  18  h,  at  4°  C  in  a  Tris-glycine  buffer  (20  mM  Tris-base,  pH  8.0, 
15  mM  glycine)  containing  20%  methanol  (Towbin,  Staehelin  et  al.  1979). 

Immunoblotting  with  anti-Cul-5  antibodies 

Following  Western  transfer,  the  Imobilon-P  membranes  were  blocked  in  blocking 
buffer  (10  mM  Tris-HCl,  pH  7.3, 100  mM  NaCl,  0.1%  Tween-20, 5%  non-fat  dried 
milk)  for  1  h  at  room  temperature.  Cul-5  antibodies  (10  pg)  were  diluted  in  5  ml  of 
blocking  buffer  and  added  to  the  membrane  for  15  min,  followed  by  repeated  washes 
with  wash  buffer  (10  mM  Tris-HCl,  pH  7.3, 100  mM  NaCl,  0.1%  Tween-20).  Specific 
Cul-5  antibodies  were  detected  by  incubation  of  the  membrane  with  goat  anti-rabbit- 
horse  radish  peroxidase-conjugated  secondary  antibody  (Life  Technologies, 
Gaithersburg,  MD)  diluted  1:20,000  in  blocking  buffer  for  30  min  at  room 
temperature,  repeated  rinsing  with  wash  buffer,  and  visualization  using  enhanced 
chemiluminescence  (ECL)  (Amersham,  Piscataway,  NJ). 


Results 


Characterization  of  Cul-5  antibodies 

Anti-Cul-5  polyclonal  antibodies  detected  two  proteins  of  molecular  sizes  ~95  kD 
and  ~50  kD  in  cell  lysates  of  COS-7  cells  over-expressing  Cul-5  (Fig.  9)  by  SDS-PAGE 
and  Western  blot  analysis.  The  pre-immune  antibodies  did  not  detect  any  proteins, 
indicating  the  specificity  of  the  anti-Cul-5  antibodies.  Pre-incubation  of  the  anti-Cul- 
5  antibodies  with  the  immunizing  peptide  successfully  blocked  the  staining  of  these 
two  bands  (data  not  shown). 

Kidney  Cul-5  expression 

Positive  staining  of  this  tissue  appeared  to  be  localized  exclusively  to  the  distal 
convoluted  tubules  (Fig.  1).  This  staining  was  intracellular,  and  no  membrane 
staining,  either  apical  or  basolateral,  was  noted.  No  other  tubular  segments  or 
regions  of  the  kidney  demonstrated  positive  staining  for  Cul-5. 

Liver  Cul-5  expression 

Positive  staining  of  liver  was  localized  exclusively  to  cells  inhabiting  the  liver 
sinusoids  (Fig.  2).  These  cells  were  identified  as  Kupffer  cells,  macrophages  that 
normally  reside  in  the  hepatic  sinusoids.  No  other  cells  types  within  the  liver 
demonstrated  any  staining  for  Cul-5. 

Skeletal  muscle  Cul-5  expression 

Positive  staining  of  skeletal  muscle  was  visualized  in  the  endothelial  cells 
comprising  capillaries  of  this  tissue  (Fig.  3).  This  staining  was  intracellular,  and  was 
successfully  blocked  when  anti-Cul-5  antibodies  were  incubated  with  tissues  in  the 
presence  of  a  10-fold  molar  excess  of  the  immunizing  peptide  (data  not  shown). 
Some  mild  positive  staining  of  the  sarcomeres  is  also  apparent. 


Lymph  node  Cul-5  expression 

Positive  staining  of  the  lymph  nodes  was  localized  to  cells  residing  within  the 
germinal  centers  of  the  nodes  (Fig.  4).  These  cells,  with  their  high  cytoplasm-to- 
nucleus  ratios,  are  most  likely  T-  and  B-lymphocytes  undergoing  antigenic 
challenge.  No  positive  staining  was  evident  in  cells  with  little  or  no  cytoplasm, 
located  in  the  areas  surrounding  the  germinal  centers.  These  cells  are  presumably 
small  lymphocytes  that  are  resting  in  a  pre-blast  state,  and  have  not  yet  undergone 
antigenic  challenge. 

Lung  Cul-5  expression 

Initial  evaluation  of  lung  tissue  stained  with  anti-Cul-5  antibodies  revealed  no 
staining  of  the  alveolar  epithelium,  or  of  endothelial  cells  comprising  capillary 
vessels  scattered  throughout  the  tissue  (Fig.  5).  Pronounced  positive  staining  of  cells 
attached  to  the  alveolar  surface  was  observed.  These  cells  were  determined  to  be 
polymorphonuclear  (PMN)  cells,  based  on  the  multi-lobulated  with  no  nuclear 
staining.  Staining  appeared  to  be  cytoplasmic,  and  excluded  from  the  nuclei.  In 
some  cases,  staining  of  subcellular  granules  was  noted.  However,  both  the  pre- 
immune  controls  (Fig.  6)  and  antigen-blocked  controls  (Fig.  7)  also  stained  normal 
lung  tissue  in  a  similar  fashion,  indicating  that  staining  of  these  cells  was  most 
likely  an  artifact  due  to  either  endogenous  peroxidase  activity  that  could  not  be 
successfully  removed  during  tissue  treatment  with  peroxide,  or  a  failure  to  properly 
block  Fc  receptors  located  on  these  cells. 

Flow  cytometric  analysis  of  Peripheral  Blood  Cells 

Both  anti-Cul-5  antibodies  and  pre-immune  antibodies  stained  PMN  cells  with 
equal  fluorescence  intensity  in  flow  cytometry  performed  on  PMNs,  confirming  an 


absence  of  specific  Cul-5  antibody /Cul-5  protein  interactions,  and  confirming  the 
false-positive  results  from  immunohistochemistry  of  the  lung  (Fig.  9). 


Discussion 

Immunohistochemical  localization  of  Cul-5  to  the  distal  convoluted  tubule 
in  human  kidney  corroborates  evidence  found  for  the  rabbit  VACM-1  receptor, 
which  was  cloned  from,  and  immunolocalized  to  cells  comprising  the  rabbit  kidney 
distal  convoluted  tubule  (Burnatowska-Hledin,  Spielman  et  al.  1995).  The 
significance  of  Cul-5  expression  in  the  distal  convoluted  tubule  is  not  clear,  since  no 
explicit  function  has  yet  been  attributed  to  this  protein  (Byrd,  Stankovic  et  al.  1997; 
Longo,  North  et  al.  1997).  However,  results  obtained  in  the  current  studies  differ 
from  those  obtained  for  the  rabbit:  VACM-1  staining  was  reported  to  be  basolateral 
(Burnatowska-Hledin,  Spielman  et  al.  1995),  while  Cul-5  seems  to  be  expressed 
intracellularly,  with  no  apical  or  basolateral  localization.  Possible  explanations  for 
this  apparent  difference  between  VACM-1  and  Cul-5  localization  may  be  the  tissue 
preparation  method  employed,  or  observational  variance.  VACM-1 
immunohistochemistry  in  rabbit  kidneys  was  performed  on  frozen  tissue  sections 
using  immunofluorescence,  while  the  studies  reported  here  were  performed  on 
AMeX-processed  tissues.  The  possibility  that  AMeX  fixation  altered  the  cellular 
localization  of  Cul-5,  however  minute,  cannot  be  ruled  out. 

The  staining  of  Kupffer  cells  within  hepatic  sinusoids  raises  the  intriguing 
possibility  that  Cul-5  may  be  involved  in  the  activities  of  liver  macrophages.  The 
hypothesized  role  of  Cul-5  in  ubiqui  tin-media  ted  degradation  of  cellular  proteins, 
and  the  lability  of  Kupffer  cells  to  small  vasoactive  peptides  (Alexander  1998),  begs 
the  question  of  whether  or  not  Cul-5,  and  AVP,  have  cell-specific  function  in 
Kupffer  cells.  Kupffer  cells  are  modified  macrophages  that  originate  in  the  bone 


marrow,  and  migrate  to  the  sinusoids  of  the  liver,  where  they  differentiate  into 
their  final  phenotype  (Bouwens  1988;  Naito,  Hasegawa  et  al.  1997).  Kupffer  cells 
carry  out  typical  macrophage  duties  like  the  clearance  of  IgA-  and  IgG-bacterial 
complexes  (Bogers,  Stad  et  al.  1992),  as  their  macrophage  phenotype  would  suggest, 
but  also  participate  in  several  pathophysiologic  processes  of  the  liver  (Cerra,  West  et 
al.  1988).  During  bacterial  sepsis  (endotoxic  shock),  ischemia,  and  injury,  Kupffer 
cells  synthesize  and  release  the  free  radical  nitric  oxide  (NO)  (Alexander  1998).  At 
low  levels,  NO  is  both  bactericidal,  as  well  as  tumoricidal  (Evans  1995;  Alexander 
1998).  However,  at  higher  levels,  NO  is  toxic  to  the  liver  (Evans  1995).  Prolonged 
stimulation  or  hyper-stimulation  of  Kupffer  cells  can  lead  to  free-radical  induced 
destruction  of  the  liver  (Cerra,  West  et  al.  1988),  despite  the  cytoprotective  effects  of 
antioxidants  secreted  by  the  endothelial  cells  lining  the  liver  sinusoids  (Moro, 
Jacoulet  et  al.  1994;  Spolarics  1998).  Liver  necrosis  in  response  to  alcohol  abuse  is  the 
indirect  result  of  alcohol-induced  release  of  endotoxins  from  bacteria  in  the  gut, 
which  stimulate  the  production  and  release  of  liver-damaging  NO  (as  well  as 
eicosanoids  and  tumor  necrosis  factor-alpha)  from  Kupffer  cells  (Thurman, 

Bradford  et  al.  1997).  Conversely,  Kupffer  cells  have  profound  effects  on  liver 
regeneration  through  their  production  of  the  hormone  Hepatocyte  Growth  Factor 
(HGF)  (Matsumoto  and  Nakamura  1991),  and  in  response  to  pro-inflammatory 
cytokines  (Diehl  and  Rai  1996).  Kupffer  cells  also  are  a  major  producer  of 
metalloproteinases,  which  may  be  important  in  liver  restructuring  following  injury 
or  necrosis,  or  which  could  possibly  induce  necrosis  in  some  pathophysiological 
states  (Arthur  1994).  Whether  or  not  Cul-5  plays  a  role  in  any  of  these  processes  is 
unknown. 

The  vasopressin  receptor  subtype  Via  is  expressed  in  liver  hepatocytes,  and 
AVP-stimulation  of  these  cells  increases  glycogen  phosphorylase  activity  (Diehl  and 
Rai  1996).  The  role  of  AVP  in  the  hepatocyte  function  of  humans  appears  to  be 


relatively  minor  when  compared  to  that  of  the  rat.  In  rat  liver,  AVP  stimulates 
profound  increases  in  glycogen  phosphorylase  activity,  as  well  as  in  DNA  synthesis 
(Howl,  Ismail  et  al.  1991).  AVP  can  evoke  increases  in  [Ca2+]i  in  hepatocytes  located 
in  the  pericentral  regions  of  the  liver,  and  these  Ca2+  "waves"  propagate  out  into  the 
periportal  regions  of  the  liver  (Nathanson,  Burgstahler  et  al.  1995).  The  ability  of 
VACM-1  (and  by  inference  Cul-5)  to  evoke  increases  of  [Ca2+]i  in  response  to  AVP,  in 
conjunction  with  the  Via  receptor’s  established  role  in  hepatic  Ca2+  homeostasis, 
paints  a  more  complex  picture  of  how  AVP  may  be  affecting  liver  Ca2+  metabolism 
and  function  (Burnatowska-Hledin,  Spielman  et  al.  1995;  Longo,  Fay  et  al.  1998). 

The  selective  positive  staining  for  Cul-5  found  in  the  germinal  center  of 
lymph  nodes  suggests  that  Cul-5  may  play  a  role  in  the  maturation  or  function  of 
lymphocytes  or  macrophages  that  occupy  the  germinal  centers.  Several  lines  of 
evidence  suggest  that  AVP  can  modulate  cell-mediated  immunity,  and  can 
influence  the  maturation  of  several  immune  cell  types,  and  that  these  effects  are 
mediated  by  several  AVP  receptor  subtypes  (Bell,  Adler  et  al.  1992).  AVP  is  released 
from  the  posterior  pituitary  in  response  to  different  forms  of  immune  stress,  in 
addition  to  its  release  in  response  to  low  osmolality  or  fluid  loss  (Bell,  Adler  et  al. 
1992).  Macrophages  express  AVP  receptors,  and  AVP  stimulates  cAMP  production 
in  these  cells  (Bell,  Adler  et  al.  1993).  Induction  of  interferon-gamma  OFNy) 
production  in  mouse  spleen  cells  through  a  Vi-type  cGMP-dependent  mechanism 
has  also  been  demonstrated  (Johnson,  Farrar  et  al.  1982;  Johnson  and  Torres  1985; 
Elands,  Resink  et  al.  1990).  Vasopressin  Vi  receptor  agonists  and  antagonists  were 
able  to  stimulate  and  block,  respectively,  IFNy  production  in  splenic  lymphocytes, 
while  vasopressin  V2  receptor  agonists  and  antagonists  had  no  effect  (Johnson  and 
Torres  1988;  Torres  and  Johnson  1988).  AVP  stimulates  peripheral  PMNs  and  B- 
cells  to  produce  p-endorphin  (Kavelaars,  Ballieux  et  al.  1989).  Several  immune  cells 
types,  ranging  from  splenic  plasma  cells  and  immature  lymphocytes,  to  immune 


support  cells  like  the  thymic  nurse  cells  (which  are  responsible  for  controlling  the 
development  and  differentiation  of  immature  T-cells  within  the  thymus)  are  also 
influenced  by  AVP  (Hammer  and  Skagen  1986;  Liard  1986;  Wiles,  Grant  et  al.  1986). 

In  its  capacity  as  an  AVP-binding  protein,  Cul-5  may  be  involved  in  some  of  the 
AVP-responsive  physiologic  phenomena  observed  in  immune  cells  (Longo,  Fay  et 
al.  1998). 

Endothelial  cells  comprising  the  capillary  walls  of  skeletal  muscle  express 
Cul-5.  No  positive  staining  of  capillary  endothelial  cells  was  noted  in  any  of  the 
other  tissues  studied,  indicating  that  Cul-5  localization  to  capillaries  was  specific  to 
the  endothelial  cells  of  skeletal  muscle  alone.  AVP  can  reduce  blood  flow  in  skeletal 
muscle,  as  well  as  in  skin  (Hammer  and  Skagen  1986;  Liard  1986;  Wiles,  Grant  et  al. 
1986).  Whether  these  effects  are  mediated  through  the  classical  AVP  receptors,  or 
through  Cul-5,  is  unclear,  since  none  of  these  studies  tested  the  effects  Vi  or  V2 
receptor  agonists  or  antagonists  on  blood  flow  (Hammer  and  Skagen  1986;  Liard 
1986;  Wiles,  Grant  et  al.  1986). 

More  intriguing  is  the  role  of  AVP  in  the  morphogenic  differentiation  of 
skeletal  muscle  cells.  Cultures  of  L6  myoblasts,  treated  with  1  pM  AVP 
demonstrated  an  increase  in  myotube  size,  without  cell  division  (Nervi,  Benedetti 
et  al.  1995).  This  effect  was  blocked  by  treatment  of  cells  with  AVP  in  the  presence  of 
a  Vi  receptor  antagonist  (Nervi,  Benedetti  et  al.  1995).  AVP-induced  expression  of 
the  muscle-specific  transcription  factor  Myf-5  and  the  musde-specific  protein 
myogenin  was  also  noted  (Nervi,  Benedetti  et  al.  1995).  AVP-induce  skeletal  muscle 
differentiation  may  be  mediated  through  the  stimulation  of  phospholipase  D  (Naro, 
Donchenko  et  al.  1997).  Given  its  proposed  role  as  a  cullin,  Cul-5  may  be  partly 
responsible  for  catabolic  processes  (i.e.  protein  degradation)  that  are  essential  for 
AVP-induced  skeletal  muscle  growth  and  differentiation. 


Initial  immunohistochemical  evaluation  of  normal  human  lung  indicated 
that  Cul-5  was  expressed  in  cells  attached  to  the  alveolar  surface,  but  not  in  lung 
epithelial  cells,  or  in  lung  capillary  endothelial  cells.  Cul-5-expressing  cells  were 
evaluated  to  be  PMNs,  based  on  their  multi-lobulated  nuclear  morphology. 

However,  positive  staining  was  also  apparent  in  both  the  pre-immune  controls  and 
peptide  controls  employed  in  immunohistochemistry,  indicating  that  staining  of 
these  PMNs  was  probably  non-specific.  This  non-specific  staining  for  Cul-5  was 
confirmed  by  flow  cytometry  on  peripheral  blood  cells  (PMNs,  macrophages,  and 
lymphocytes)  stained  with  anti-Cul-5  antibodies.  Evaluation  of  Cul-5  expression  by 
Western  Analysis  confirmed  that  Cul-5  protein  was  absent  from  peripheral  blood 
cells.  This  raises  an  interesting  question:  if  neither  lung  epithelial  cells  or 
endothelial  cells,  nor  immune  cells  inhabiting  the  alveolar  spaces  of  the  lung, 
express  HVACM,  then  why  is  this  protein  expressed  in  an  SCLC  cell  line  (Longo,  Fay 
et  al.  1998)?  (Conversely,  why  do  Kupffer  cells  express  Cul-5  protein,  while  their 
systemic  and  alveolar  counterparts  do  not?)  A  transformed  lung  PMN  might 
abnormally  express  this  protein,  whereas  the  precursor,  untransformed  cell,  might 
not.  The  abnormal  expression  of  Cul-5  in  these  tumors  may  be  explained  by  the 
high  frequency  of  chromosomal  abnormalities  found  in  the  Cul-5  locus  on  human 
chromosome  llq22-23  in  lung  and  breast  tumors  (Carter,  Negrini  et  al.  1994;  Rasio, 
Negrini  et  al.  1995;  Tomlinson,  Strickland  et  al.  1995;  Kerangueven,  Eisinger  et  al. 
1997).  It  is  also  possible  that  this  particular  lung  tumor  did  not  originate  in  the  lung 
at  all,  but  rather  from  a  transformed  cell  type  that  migrated  to  the  lung.  Since  Cul-5 
appears  to  be  expressed  in  activated  monocytes  and  lymphocytes  in  lymph  nodes,  it 
is  possible  that  the  SCLC  cell  line  NCI-H146  originated  from  either  alveolar 
macrophages  or  lymphocytes,  or  transformed  macrophages  and  lymphocytes  that 
migrated  to  the  lung  (Ruff  and  Pert  1984;  Ruff  and  Pert  1987).  Lung  tumors,  in 
particular  SCLC  tumors,  may  originate  from  alveolar  macrophages:  several  SCLC 


tumors  exhibit  both  neuroendocrine  and  immune  cell  features,  traits  that  are 
entirely  consistent  with  the  cell  line  NCI-H146  (Koros,  Bey  et  al. ;  Ruff  and  Pert  1984; 
North  1991).  Moreover,  alveolar  macrophages  become  cytochemically  altered  in 
smokers  and  SCLC  patients  (Berman  and  Goldman  1992),  suggesting  that  smoke- 
induced  differentiation  of  macrophages,  cells  which  are  normally  capable  of 
movement  between  tissues  by  extravasation/intravasation,  might  produce  tumor 
cells  with  an  inherent  ability  to  "metastasize." 


FIGURE  LEGENDS 

Figs.  1-4.  Positive  Cul-5  intracellular  immunostaining  of  distal  convoluted  tubule 
(D)  cells  (Fig.  1),  Kupffer  cells  (K)  in  hepatic  sinusoids  (Fig.  2),  capillary  endothelial 
cells  (C)  in  skeletal  muscle  (Fig.  3),  and  lymphocytes  (L)  inhabiting  the  germinal 
centers  of  lymph  node  (Fig.  4).  No  positive  immunostaining  was  noted  with  pre- 
immune  antibody  controls,  or  antigen-blocked  antibody  controls,  for  the  above 
tissues.  D,  distal  convoluted  tubule;  K,  Kupffer  cells;  C,  capillary  endothelial  cells;  L, 
lymphocytes. 

Figs.  5-7.  Positive  Cul-5  intracellular  immunostaining  of  immune  cells  in  the 
alveolar  spaces  of  normal  human  lung  (Fig.  5).  Positive  staining  was  also  observed 
in  pre-immune  control  tissue  (Fig.  6),  and  antigen-blocked  antibody  control  tissue 
(Fig.  7),  suggesting  that  anti-Cul-5  antibodies  were  non-spedfically  interacting  with 
these  cells. 

Fig.  8.  Flow  cytometric  histograms  of  peripheral  blood  immune  cells  (monocytes, 
lymphocytes,  and  polymorphonuclear  cells)  stained  with  anti-Cul-5  antibodies  (A) 
and  pre-immune  antibodies  (B).  The  similar  flow  cytometric  staining  profiles  with 
these  two  antibodies  corroborate  the  non-specific  staining  noted  in 
immunohistochemistry  of  the  lung  (Figs.  5-7). 

Fig.  9.  Characterization  of  Cul-5  rabbit  polyclonal  antibodies.  Cell  lysates  from  COS- 
7  cells  over-expressing  Cul-5  were  subjected  to  SDS-PAGE  and  Western  blotting,  and 
immunoblotted  with  either  pre-immune  antibodies  (PI)  or  anti-Cul-5  antibodies 

(aCul-5) ,  and  a  secondary  anti-rabbit-HRP  antibody.  Two  protein  bands  of 
approximate  molecular  sizes  95  kD  and  50  kD  were  visualized  using  anti-Cul-5 
antibodies.  These  two  proteins  were  not  detected  with  the  pre-immune  control  lane 
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SUMMARY 

Vasopressin  (AVP)l  may  he  involved  in  human  lung  cancer  pathophysiology,  as  an 
autocrine/paracrine  hormone.  AVP  can  act  through  four  classes  of  receptors:  Va,  Vu,  Vlb,  and 
the  vasopressin-activated  calcium  mobilizing  (VACM-1)  receptor,  a  structurally  unique  member 
of  this  group.  (Recently,  a  higWy  homologous  cDNA,  termed  Hs-VACM-1.  was  cloned  from 
human  placental  mRNA.)  A  human  orthologue  of  rabbit  VACM- 1  is  expressed  in  the  small  cell 
lung  cancer  cell  line  NC1-H146.  AVP  induced  an  increase  in  intracellular  free  calctum  in  this 
cell  line,  but  no  increase  in  total  inositol  phosphates.  NCI-H 146  expressed  three  distinct  mRN 
bands  of  3.5,  5  and  6.5  kilobases  by  Northern  blot.  RT-PCR  products  of  the  predicted  sizes  of 
674  bp  and  193  bp  were  amplified  from  NCI  H-146,  normal  human  lung  and  kidney  RNA,  using 
primers  designed  from  the  rabbit  VACM-1  and  a  human  expressed  sequenced  tag  with  homology 
to  VACM-1.  Overlapping  5'RACE  and  3’ RACE  products  were  cloned  from  NCI-H146  RNA, 
and  sequenced.  The  clone,  named  HVACM,  encodes  an  open  reading  frame  (ORF)  of  780 
amino  acids  and  shares  a  high  degree  of  amino  acid  identity  to  the  rabbit  VACM-1  (97%)  and  the 
Hs-VACM-1  (97%)  as  well  as  the  cullins,  a  family  of  proteins  involved  in  ubiquitin-mediated 

cell  cycle  regulation. 


INTRODUCTION 

Several  toman  arginine  vasopressin  (AVP)  receptors  of  the  seven-transmembrane 
domain,  G-protein  linked,  class  have  been  cloned  and  characterized  (1, 2, 3)  The  V2  receptor  is 
coupled  to  the  enzyme  adenylate  cyclase.  The  expression  of  this  receptor  has  been  demonstrated 
in  the  kidney,  and  its  activation  by  AVP  leads  to  the  insertion  of  aqueporins  in  the  luminal 
membranes  of  principal  cells,  and  increased  water  reabsorption  (4, 5. 6. 7, 8, 9).  Two  classes  of 
V,  receptor  have  been  defined.  The  V„  receptor  is  expressed  in  arterial  smooth  muscle,  and 
activates  phospholipase  C,  which  in  turn  leads  to  die  generation  of  inositol  triphosphate  (IPs) 
diacylglycerol  (DAG),  and  elevates  intracellular  calcium  and  activates  protein  kinase  C, 
respectively  (10, 11. 12, 13, 14, 15, 16).  Activation  of  this  receptor  is  responsible  for  contraction 
of  arterial  smooth  muscle,  mediating  pressor  activity  and  maintenance  of  blood  pressure.  The 
Yjg  receptor  also  known  as  the  V3  receptor  (17),  is  expressed  in  the  adenohypophysis  (18, 19). 
The  Via  receptor  can  also  stimulate  phosphoinositide  hydrolysis  and  increases  in  intracellular 
cicimn;  several  members  of  the  phospholipase  family  have  been  hypothesized  as  partners  for 

this  receptor  (18, 19, 20). 

Recently,  a  potentto  new  member  of  the  AVP  receptor  family  was  expression-cloned 
from  rabbit  kidney  medulla.  This  putative  vasopressin  activated  calcium  mobilizing  receptor, 
VACM-1  (GenBank  accession  number  S78157),  encodes  a  protein  larger  than  the  serpentine 
receptors  (780  amino  acids),  and  does  not  fit  the  seven-transmembrane  domain  model  (21). 
VACM-1  has  been  postulated  to  be  a  single-transmembrane  domain  protein  due  to  the  presence 
of  a  hydrophobic  segment  of  20  amino  acids,  though  its  topology  or  orientation  with  the 
membrane  have  not  been  definitively  determined.  VACM-1  overlaps  mechanistically  with  the 
.  V,  receptors:  the  stimulation  of  these  receptors  induces  increases  in  intracellular  calcium  (21, 

22).  In  contrast  to  the  VI  receptors,  VACM-1  is  not  G-protein  linked,  and  can  generate  Ca* 
increases  without  the  production  of  IP#.  The  mechanism  for  the  Ca*  elevation  induced  by  this 

receptor  is  unknown.  . 

A  human  homologue  of  this  receptor,  Hs-VACM-1  (GenBank  accession  number 


X81S82),  was  recently  cloned  and  mapped  to  chromosome  1 1  (q22-23)  (23).  This  discovery  was 
made  through  a  study  of  the  disorder  Ataxia  Telangiectasia,  which  maps  to  the  same  locus  (24). 
The  receptor  mRNA  is  ubiquitously  expressed  (23),  but  the  physiology  or  function  of  this  protein 
is  unknown .  The  homology  of  this  receptor  with  the  cullins,  a  family  of  proteins  implicated  in 
the  ubiquitin-mediated  degradation  of  of  cyclins  (or  cyclin/CDK  inhibitors)  suggests  a  role  for 

^  f 

the  VACM  proteins  in  similar  degradative  processes  (25, 26, 27, 28). 

Work  in  our  laboratory  has  demonstrated  the  presence  of  a  VACM-  l-like  mRNA  in  the 
small  cell  lung  cancer  cell  line  NCI-H146,  and  a  preliminary  Report  on  this  work  has  been 
presented  (29).  We  have  performed  Nonhem  blot  analysis  for  the  mRNA ,  and  have  isolated  a  . 
cDNA  clone  for  this  putative  receptor,  that  we  have  named  the  human  vasopressin-activated 
calcium  mobilizing  (HVACM)  receptor.  HVACM-has  considerable  homology  to  both  the 
genomic  human  (HS-VACM-1)  and  the  rabbit  (VACM-1)  receptors,  and  contains  an  ORF 
.  encoding  a  putative  protein  of  780  amino  acids.  HVACM  could  be  a  functional  protein  in  NCI- 
•  H146,  since  this  cell  line  does  not  appear  to  express  mRNAs  for  any  of  the  other  known  AVP 
.  receptors  (V2,  VJa,  and  V]b),  but  responds  to  AVP  stimulation  with  an  increase  in  intracellular 
calcium  originating  from  an  intracellular  store  that  is  distinct  from  the  ryanodine-sensitive 
smooth  endoplasmic  reticulum  calcium  reservoirs. 


EXPERIMENTAL  PROCEDURES: 

Cell  culture  -  NCI-H146  cells  were  obtained  from  the  American  Type  Culture  Collection 
(Rockville,  MD),  and  maintained  in  RPMI 1 640  supplemented  with  10%  fetal  bovine  serum 

(Hyclone  Laboratories,  Logan  UT),  without  antibiotics. 

RT-PCR  analysis  of  HVACM  mRNA  expression  -  Total  RNA  from  NCI-H146  was 
analyzed  for  the  presence  of  VACM- l-like  mRNA  using  the  reverse  transcription  polymerase 
chain  reaction  (RT-PCR).  Briefly,  1  ug  of  total  RNA  was  reverse  transcribed  using  the 
Superscript  II  enzyme  (Life  Technologies,  Gaithersburg,  MD),  and  subsequently  subjected  to  35 
cycles  of  PCR  using  the  Taq  polymerase  enzyme  (Perkin  Elmer,  Branchburg,  NJ)  (28). 


Synthetic  printers  1432F  (S'  CAATCCOTAAGAGA  AGTTGGTATG  3'),  20S2R  (5' 
TCTTCTCTCATCCrTTCTGTAGTG  3’),  325F  (S'  CATACCAACTTCTCTTAGCCACTC  3  ), 
and  156R  (S’CACCATTAAGCAAAACTACCTCTG  3')  were  designed  using  the  program 
Oligo™  for  the  Macintosh,  and  purchased  from  Life  Technologies  (Gaithersburg,  MD).  The 
primers  1432F/2082R  and  325F/1 56R  amplify  a  674  base  pair  (bp)  fragment  and  a  193  bp 
fragment,' respectively,  within  the  putative  ORF  for  VACM-1.  Conditions  for  PCR  involved  an 
initial  denaturation  step  (96  'C,  2.5  min).  This  was  followed  by  35  cycles  of  the  following 
sequence:  96  'C  for  45  s;  60  'C  for  45  s;  and  72  'C  for  1 .5  min,  and  a  final  extension  time  of  10 
min.  RT-PCR  products  were  separated  by  156  agarose  gel  electrophoresis,  and  visualized  with  . 

ethidium  bromide  staining  over  a  UV  transilluminator. 

Northern  blotting  ofHVACM  mRNA  -  Total  RNA  was  extracted  from  NCI-H146  using  4 
M  guanidinium  thiocyanate  and  subsequent  cesium  chloride  gradient  centrifugation,  and 
electrophoresed  through  a  1.2%  agarose  gel  containing  1.1%  formaldehyde.  The  RNA  was 
transferred  to  nitrocellulose  overnight  using  20xSSC  as  the  mobile  phase,  followed  by  baking  of 
the  membrane  (80  *C,  2  h).  The  membrane  was  then  incubated  in  50%  formamide,  5  x  SSPE,  5 
x  Denhardt’s  reagent,  0.1  mg/ml  salmon  sperm  DNA,  and  0.1%  SDS,  at  42  C  for  2  h.  This  was 
followed  by  incubation  in  the  presence  of  a  radiolabeled  probe  for  16  h  at  42  ‘C.  The  probe 
corresponds  to  the  674  bp  fragment  generated  by  RT-PCR  from  NCI-H146  total  RNA  using  the 
primer  pair  1432/2082,  and  was  32P-labeled  with  a  DecaPrime  DNA  labeling  kit  (Ambion, 

Austin,  TX).  Any  non-specifically  bound  probe  was  removed  from  the  membrane  by  washing 
for  20  m  at  RT  with  10  ml  1  x  SSC,  0.1%  SDS.  Three  additional  washes  were  performed  at  68 
*C  with  0.2  x  SSC,  0.1%  SDS.  Interaction  with  the  probe  was  resolved  by  autoradiography  (30). 

Isolation  ofHVACM  nucleotide  clones  -  Both  5’-  and  3-  rapid  amplification  of  cDNA 
ends  (RACE)  (25, 31)  were  employed  to  clone  the  open  reading  frame  of  this  gene.  An  initial 
reverse  transcription  was  performed  (see  above)  using  the  primer  138R  (5 

TTGTTTTTGTAAGGTAAGGCAGAG  3’).  5'RACE  was  performed  using  the  primers  5'ATGF 
(5’  TCCAAGTTAAAGAACATGGCG  3’)  and  2082R.  3’RACE  was  performed  using  the 


bovine  serum  albumin  for  24  h  at  37  *C.  The  cells  were  assayed  for  total  inositol  phosphate 
production  in  a  physiological  salt  solution  containing  lithium  chloride  (PSS)  pH  7.35,  with  the 
following  composition:  NaCl  (105  mM),  LiCl  (30  mM),  NaHC03  (4.2  mM),  KC1  (5.9  mM), 
CaC12  (1.8  mM),  MgC12  (1.4  mM),  NaH2P04  (1.2  mM),  glucose  (1 1  mM),  HEPES  (10  mM). 
Following  three  washes  with  5  ml  PSS,  the  cells  were  incubated  in  the  same  solution  for  10  m  at 
37  *C.  They  were  stimulated  with  1000  nM  AVP  for  a  30  min  time  period  at  37  *C.  Aliquots 
were  periodically  removed  and  total  inositol  phosphates  extracted.  For  this  extraction,  the  cell 
suspension  was  added  to  one  tenth  (1/10)  volume  (v/v)  of  5  N  perchloric  acid,  1  mM  EDTA,  and 
5  mM  DEPTA,  and  placed  on  ice  for  30  min.  Subsequently,  one  volume  (v/v)  of  1.5%  K2CO3 
was  added  to  the  acid  extracts  to  precipitate  cellular  debris,  and  the  extracts  were  placed  on  ice 
for  2  h.  After  centrifugation,  neutralized  extracts  of  1  ml  were  loaded  onto  AG1-X8  resin 
(formate  form)  (BioRad,  Hercules,  CA)  columns  equilibrated  with  20  mM  NH40H.  The 
columns  were  washed  sequentially  with  4  ml  40  mM  NH4OH,  4  ml  of  40  mM  ammonium 
formate.,  and  finally  with  4  ml  2  M  ammonium  formate/0.1  M  formic  acid.  For  detection,  1  ml 
of  the  final  wash  was  added  to  10  ml  of  Hydrofluor  scintillation  fluid,  and  values  of  counts  per 
minute  (cpm)  from  [3H]phosphoinositides  were  obtained.  Data  were  obtained  from  five 
independent  experiments  and  expressed  as  an  average  ratio  of  the  control  values,  and  their 

standard  error. 

RESULTS: 

RT-PCR  analysis  ofHVACM  RNA  -  Bands  of  the  predicted  sizes  674  bp  and  193  bp, were 
generated  using  the  VACM-1  selected  primers  1432F/2082R  and  325F/156R,  indicating  that  an 
mRNA  with  considerable  homology  to  the  rabbit  VACM-1  was  being  expressed  in  NCI-H146 
(Figure  1).  Bands  of  similar  size  were  also  amplified  from  normal  human  kidney  and  normal 
human  lung  RNA  (data  not  shown). 

'  Northern  Analysis  ofHVACM  RNA  -  Messenger  RNAs  of  three  distinct  sizes  were 
observed  upon  Northern  analysis  of  total  NCI-H146  RNA  (Figure  2).  These  sizes  were  6.5,  5.0, 


primers  1432F  and  1 38R.  The  Pfu  u-e  polymerase  (Slralagene,  La  Jolla,  CA)  was  utilized  foi 
higher  fidelity  PCR.  After  an  initial  denature, ion  step  (96  'C,  2.5  m),  35  cycles  of  the  following 
sequence  were  conduced:  96  X  for  45  s;  55  X  for  45  s;  and  92  X  for  8  min.  These  cycles  were 
followed  with  a  final  extension  time  of  20  min.  PCR  products  were  visualized  with  gel 
electrophoresis  and  ethidium  bromide  staining/UV  illumination,  and  cloned  into  the  pZERO- 

(Blunt)  vector  (Invitrogen,  Portland,  OR)  for  further  analysis. 

DNA  sequencing  ofHVACM  RACE  clones  -  All  sequencing  was  performed  using  the 


ABI/Prism  automated  sequencing  system  (Perkin  Elmer,  Branchburg,  NJ).  The  software 
packages  Align  and  MegAligo  (DNAStar,  foe.)  and  Gene  Inspector  (Textco,  Inc.)  were 
employed  for  sequence  analysis.  Protein  motifs  were  identified  using  a  program  available  on  the 
Internet,  MotifFinder  (Institute  for  Chemical  Research,  Kyoto  University).  Hydrophobicity 
analysis  of  protein  was  performed  using  the  algorithm  of  Kyte  and  Doolittle  (32). 

Calcium  analysis  -  Cells  (2.0xl06  cells/ml)  were  incubated  in  serum-free  media  in  the 
presence  of  the  calcium  indicator  Fura-2AM  (final  concentration  5  mM)  (Calbiochem,  San 
Diego,  CA),  at  37  *C  for  1  h.  The  cells  were  washed  and  resuspended  in  Dulbecco’s  PBS  with 
2.5  mM  Ca2+  or  without  Ca2+  at  a  final  concentration  of  106  cells/ml.  The  cell  suspension  was 
pre-warmed  (to  37  *C)  and  analyzed  in  a  quartz  cuvette.  [Args]AVP,  the  Via  agonist 
[Phe2,Ile3,Om8]AVP,  or  the  Vlb  agonist  [deamino^D-3-(pyridyl)Ala2.Arg8)AVP  were  added 
directly  to  the  cuvette.  All  peptides  were  purchased  from  Bachem  (Torrance,  CA).  When 
indicated,  cells  were  pre-incubated  with  the  SER  Ca2+  blocker  TMB-S  (final  concentration  10 
uM)  for  10  min  at  37*C.  Using  a  Perkin  Elmer  LS50B  luminescence  spectrometer,  the  cells  were 
subjected  to  dual  excitation  wavelengths  of  340  and  3S0  nm.  The  ratio  of  emission  intensity  at 
485  nm  with  each  of  these  excitation  wavelengths  (I/I)  was  determined.  (The  resulting  I/I  value 


is  an  arbitrary  indicator  of  increases  in  [Ca2+];.) 

Inositol  Phosphate  analysis  ofNCI-H146  -  Total  inositol  phosphates  were  quantified 
using  a  modification  of  the  method  of  Berridge  et  al.  (33).  NCI-H146  cells  were  labeled  with 
[3H)myo-inositol  (DuPont-KEN,  Boston,  MA)  in  myo-inositol-free  RPMI  1640,  with  0.1% 


and  3.5  kilobases  (kb).  This  result  was  in  agreement  with  other  published  results  (23). 

Isolation  of  on  ORF  clone  of  HV. ACM  from  KC1-H146  •  Overlapping  5’-  and  3'-RACE 
products  of -2.1  kb  and  1.1  kb  were  amplified,  cloned  in  the  vector  pZERO-Blunt  (Invitrogen), 
and  sequenced.  This  clone  contains  a  ORF  of  2340  nucleotides,  encoding  a  putative  protein  of 
780  amino  acids  (Figure  3).  The  HVACM  proein  shares  97®  identity  with  both  Hs-VACM-1 
and  VACM-1  through  comparisons  using  BLAST.  Neither  Gene  Inspector™  nor  MOTIF 
predicted  an  amino  acid  sequence  with  sufficient  hydrophobicity  to  classify  it  as  a 
transmembrane  protein  (Figure  4).  No  signal  sequence  was  delected  in  this  protein.  However, 
several  other  unconfirmed  motifs  were  predicted.  The  ORF  of  HVACM  contains  two  protein 
kinase  A  (PKA)  phosphorylation  domains  at  Thr427  and  Ser731 .  Additionally,  there  are  1 5 
casein  kinase  D  phosphorylation  sites  and  1 5  PKC  phosphorylation  sites.  A  single  tyrosine 
kinase  phosphorylation  domain  resides  at  Tyr207.  There  are  two  myristoylation  sites  contained 
by  residues  180..185  and  by  664-669.  There  are  three  N-glycosylation  sites  represented  by 
.  residues  Asnl45,  Asn289,  and  Asn566.  Finally,  a  cullin  homology  domain  was  identified  in  the 
C-terminal  27  amino  acids  of  HVACM.  Additional  homol0  between  HVACM  and  the  cullins 
outside  of  this  region  was  also  detected. 

AVP  does  not  stimulate  the  production  ofphosphoinositides  in  NCI-H146  •  An  increase 
in  total  phosphoinositides  (IP)  was  not  observed  following  treatment  with  1000  nM  AVP  (Figure 
5).  A  slight  decrease  in  total  IP  levels  was  actually  apparent  in  the  first  10  minutes  following 
AVP  treatment  indicating  that  an  IP3-dependent  mechanism  was  not  responsible  for  the  AVP- 
induced  increases  in  intracellular  calcium. 

AVP  modulates  intracellular  Ca2+  in  NCI-H146  -  An  increase  in  [Ca2+]i  was  observed 
in  NCI-H146  after  treatment  with  1000  nM  AVP  (Figure  6a).  Neither  a  Via  agonist  (3  uM)  or  a 
Vlb  agonist  (36  uM)  were  able  to  elicit  [Ca2+)j  release  when  used  at  concentrations  with  similar 
activity  to  [Args]AVP  (Figures  6b  and  6c,  respectively)  (34, 35, 36).  Depletion  of  Ca2+  from  the 
medium  did  not  block  the  action  of  AVP  (Figure  6d),  nor  did  pre-treatment  of  the  cells  with  the 
SER-specific  Ca2+  blocker  TMB-S  (Figure  6e). 


DISCUSSION: 

The  cDNA  lhat  wb  have  named  HVACM  shares  considerable  amino  add  identity  with 
both  Hs-VACM-1  and  the  rabbit  VACM-1.  In  all  likelihood,  all  three  forms  probably  encode 
proteins  sharing  identical  mechanistic  and  physiologic  properties.  The  considerable  sequence 
similarity  between  the  human  and  rabbit  prbteins  suggests  a  highly  conserved  evolutionary  role 

for  this  protein. 

'  The  interaction  of  AVP  with  VACM-1  is  able  to  induc^  increases  in  intracellular  calcium. 

In  this  study,  the  inability  of  TMB-8  to  block  intracellular  release  of  calcium  suggests  that 
HVACM  (and  therefore  VACM-1)  is  stimulating  an  as  yet  undefined  intracellular  pool  of 

calcium  ions. 

In  addition  to  the  basolateral  localization  of  VACM-1  in  rabbit  kidney  collecting  duct, 
there  was  also  a  prominent  cytoplasmic  localization,  and  a  minor  nuclear  localization,  of  this 
-  protein  as  evidenced  from  interactions  with  an  antibody  to  its  C-termmal  domain  in  fluorescence 
microscopy  (21).  While  this  has  yet  to  be  confirmed  for  HVACM  in  the  cell  line  NCI-H146,  it 
raises  the  distinct  possibility  that  VACM-1  (and  HVACM)  are  not  transmembrane  proteins,  but 
rather  cytoplasmic  proteins  that  associate  with  the  plasma  membrane  weakly  and/or  dynamically. 
The  position  of  HVACM  in  different  cellular  compartments  or  plasma  membranes  may  be 
mediated  through  its  associations)  with  other  proteins.  AVP,  by  virtue  of  its  interaction  with 
HVACM,  may  control  the  localization  and/or  function  of  HVACM.  The  myristoylation  and 
glycosylation  domains  on  the  proteins  may  allow  VACM-1  and  HVACM  to  associate  with  the 
plasma  membrane.  Clearly,  more  study  is  required  to  understand  the  cellular  localization  of 

VACM  proteins. 

Since  mRNAs  for  VACM  proteins  are  co-expressed  in  many  of  the  same  tissues  as  the 
Via  receptor,  the  important  question  of  functional  overlap  is  raised.  Are  these  receptors 
functionally  synergistic  and  involved  in  the  same  physiologic  processes?  Are  they  antagonistic 
and  involved  in  each  other’s  regulation?  Do  they  have  distinct  physiologic  roles  and  exist  outside 


of  the  other’s  regulation?  . 

Certainly,  the  (unconfirmed)  presence  of  copious  PKC  domains  in  HVACM  insinuates 
that  some  inter-regulation  between  HVACM  and  Via  may  occur  physiologically.  Future 
experiments  should  determine  whether  or  not  AVP  can  stimulate  the  phosphorylation  of 
HVACM  in  cell  systems  where  Via  and  HVACM  are  co-expressed.  Additionally,  the  presence 
of  two  PKA  domains  in  HVACM  suggests  some  form  of  inter-regulation  with  the  V2  receptor 
may  exist,  and  should  be  investigated. 

Perhaps  the  most  intriguing  aspect  of  HVACM  is  its  considerable  homology  to  the 
cullins,  a  family  of  proteins  implicated  in  the  ubiquitin-mediated  degradation  of  G 1-  and  M- 
phase  cyclins,  or  their  inhibitors  (37, 38).  The  cullins  appear  to  serve  a  highly  conserved 
regulatory  role  in  the  cell  cycle  of  eukaryotes  from  yeast  (37)  to  humans  (36).  By  virtue  of  this 
domain,  HVACM  may  be  involved  in  the  ubiquitin-mediated  degradation  of  cellular  proteins. 

Individual  cullin  proteins  are  a  part  of  defined  multiroeric  protein  complexes  that  serve  as 
functional  ubiquitin  ligases  (25, 26, 27, 28).  The  interaction  of  cullins  with  these  complexes  is 
mediated  through  the  C-terminal  amino  acids  that  form  the  cullin  homology  domain  (2o). 
HVACM  may  also  associate  with  other  proteins  as  a  necessary  prerequisite  for  its  functions  in 
this  enzymatic  capacity.  Whether  cullins  provide  substrate  specificity  or  enzymatic  activity  to 
these  ubiquitin  ligase  complexes,  or  are  merely  scaffold  proteins  for  these  complexes,  is  not 
clearly  understood  (26) .  The  fact  that  several  cullin  subtypes  exist  in  humans  suggests  that  the 
cullin  proteins  may  serve  tissue-  or  hormone-specific  regulatory  roles  (39). 

The  ability  of  VACM-1  to  specifically  bind  to  AVP  suggests  that  this  hormone  may 
affect  the  function  of  of  VACM-l/HVACM.  The  potential  regulatory  role  of  AVP  in  the 
physiology  and  function  of  HVACM  warrants  further  investigation. 
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FIGURE  LEGENDS 

FIG.  1.  RT-PCR  for  VACM-1  from  NCI-H146  total  RNA.  Primers  use  for  PCR:  lane  1; 
1432/2082,  lane  2;  156/325. 


FIG.  2.  Northern  blot  analysis  of  VACM-1  messenger 


RNA  from  NCI-H146  total  RNA  (20  ug). 


RG.  3.  Predicted  open  reeding  frame  nucleotide  sequence  of  HVACM  cloned  from  NCI-H 146. 
The  putative  amino  acid  sequence  is  also  shown. 

FIG.  4.  Hydrophobicity  profile  of  HVACM.  Protein  hydrophobicity  was  calculated  using  the 
algorithm  of  Kyte  and  Doolitde  (32).  The  vertical  axis  represents  hydrophobicity  for  HVACM 
amino  acids,  which  are  represented  by  the  horizontal  axis. 

*, 

FIG.  5.  Total  inositol  phosphate  analysis  of  NCI-H146  following  stimulation  with  lOOOnM  AVP 
over  30  minutes.  Data  are  presented  as  the  ratio  of  control  (unstimulated)  values  of  [3H]ino  * 

counts  per  minute,  +/-  S.E.  (n=5). 

FIG.  6.  Intracellular  calcium  analysis  of  FURA-2AM-loaded  NCI-H  146  cells.  Stimulation  with 
(a)  lOOOnM  AVP,  (b)  Via  agonist,  (c)  Vlb  agonist,  (d)  lOOOnM  AVP  minus  extracellular 
calcium,  (e)  lOOOnM  AVP  plus  pre-incubation  with  lOOuM  TMB-8. 
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Abstract 


Vasopressin  is  reported  to  influence  the  growth  of  breast  cancer 
cells,  and  we  and  others  have  provided  evidence  that  an  autocrine  loop 
involving  vasopressin  is  present  in  perhaps  all  breast  cancers.  The  current 
study  was  undertaken  to  examine  possible  vasopressin  receptor  subtypes 
taking  part  in  this  autocrine  loop  as  it  exists  in  MCF-7  cells  in  culture.  RT- 
PCR  demonstrated  that  mRNAs  for  all  currently  recognized  vasopressin 
receptor  subtypes  (Via,  Vn>,  and  V2)  are  expressed  by  these  cells.  Cloning, 
and  DNA  sequencing  over  the  entire  open  reading  frame  (ORF)  of  each 
mRNA  revealed  that  normal  sequences  representing  each  receptor  were 
present.  However,  in  addition  to  these  normal  structures,  an  abnormal 
mRNA  for  the  V2  receptor  was  also  expressed.  This  contains  a  sequence 
corresponding  to  intron  2  of  the  gene  and  is  apparently  the  product  of 
incomplete  splicing.  Such  an  mRNA,  also  found  by  us  to  occur  in  small-cell 
lung  cancer  cells,  would  be  expected  to  give  rise  to  a  truncated  and  C- 
ter  min  ally  altered  "diabetic"  form  of  receptor  protein.  Western  analysis 
revealed  that  all  three  normal  mRNAs  gave  rise  to  proteins  of  sizes 
compatible  with  them  being  functional  receptors.  The  abnormal  V2 
receptor  mRNA  also  gave  rise  to  proteins,  which  are  presumed  to  be  non¬ 
functional.  The  presence  of  all  three  normal  vasopressin  receptors  in  these 
breast  cancer  cells  that  also  produce  vasopressin  suggests  the  autocrine 
loop  of  the  peptide  in  breast  tumors  is  multi-functional  in  nature. 
Vasopressin  might  then  be  expected  to  exercise  its  mitogenic  influences 
through  both  vasopressin  V!a  and  V!b  receptors,  producing  changes  in 
phospholipases  C,  D,  and  A2,  in  protein  kinase  C,  and  in  Ca++  mobilization. 
However,  it  may  additionally  exercise  a  growth-inhibitory  role  through 


in  cAMP  and  activation  of  protein 


normal  V2  receptors  producing  rises 
kinase  A. 


INTRODUCTION 

Vasopressin  is  reported  to  have  growth-promoting  activity  on  cells  of  the 
breast  cancer  cell  line  MCF-7  (1).  Such  an  action  would  require  these  cells 
to  express  at  least  one  subtype  of  vasopressin  receptor,  presumeably  the 
Via  receptor  subtype,  but  this  has  not  yet  been  demonstrated. 

Additionally,  no  attempt  has  been  made  to  discover  if  two  other  receptor 
subtypes,  vasopressin  Vib  and  V2  receptors,  are  also  present.  While  all 
three  receptors  are  G-linked  proteins  possessing  seven  membrane- 
spanning  domains,  vasopressin  binding  to  Viaor  Vib  subtypes  promotes 
phospholipase  activities  while  binding  to  the  V2  subtype  primarily 
promotes  adenylate  cyclase  activity  and  the  formation  of  cAMP.  Recently 
we  were  able  to  show  that  both  classical  and  variant  forms  of  small-cell 
lung  cancer  (SCLC)  express  all  three  receptor  subtypes,  plus  a  putative 
receptor  hVACM  (2,3).  However,  while  a  normal  V2  receptor  subtype  was 
apparently  manufactured  only  by  classical  SCCL,  both  classical  and  variant 
SCCL  generated  an  abnormal  form  of  this  receptor,  apparently  the  product 
of  incomplete  posttranscriptional  processing.  In  the  current  study,  RT-PCR, 
cloning,  and  DNA  sequencing  were  employed  to  obtain  mRNA  sequences 
that  encompassed  the  entire  open  reading  frame  (ORF)  of  each  of  the 
human  vasopressin  Vu,  Vib,  and  V2  receptor  subtypes.  Additionally, 
antibodies  specific  to  each  receptor  subtype  were  employed  in  Western 
analysis  to  examine  the  nature  of  protein  products  resulting  from  mRNA 
translation. 


RESULTS 


RT-PCR,  Cloning  and  DNA  Sequencing 

Using  forward  and  reverse  primers  selected  to  provide  overlapping 
sequences  covering  the  entire  open  reading  frames  (ORFs)  of  vasopressin 
Vu,  and  Vib  mRNAs,  RT-PCR  of  total  RNA  preparations  from  MCF-7  cells 
yielded,  in  each  case,  a  single  product  of  the  expected  size  predicted  from 
the  cDNA  for  the  human  forms  of  these  receptors  derived  from  liver  (4)  or 
blood  vessels  (5),  from  pituitary  (6,7);  and  from  small -cell  lung  cancer  (3). 
All  of  the  products  were  generated  from  RNA  and  not  DNA  template 
because  no  intronic  segments  that  these  products  spanned  were  evident. 
The  three  products  obtained  for  the  Via  receptor  (454,  669,  and  858  bp), 
and  the  four  obtained  for  the  Vib  receptor  (903,  768,  535,  and  535  bp)  are 
shown  in  Figure  1.  However,  RT-PCR  with  forward  and  reverse  primers 
selected  to  obtain  overlapping  sequences  covering  the  entire  sequence  of 
vasopressin  V2  mRNA  (Figure  1)  gave  not  only  normal  products  (8),  but 
also  one  abnormally  sized  product.  The  abnormal  form  was  obtained  as  a 
second  product  when  primers  spanning  intron  2  were  used  and  was  larger 
by  the  size  of  this  intron  (~100  bp)  than  the  size  of  862  bp,  predicted  from 
the  structure  of  V2  receptor  mRNA.  A  similar  product  was  earlier  reported 
by  us  to  be  a  product  of  small-cell  lung  cancer  (3).  The  RT-PCR  products 
representing  Via,  Vib,  and  V2  receptors  of  MCF-7  are  represented  in  Figure 
2.  Cloning  and  sequencing  of  all  Vu  and  V!b  related  products,  and  V2 
related  products  of  predicted  size,  showed  them  to  collectively  provide  a 
complete  characterization  of  human  Via  mRNA  for  the  MCF-7  breast  cancer 
cell  line  from  -23  at  the  5’  end  (23  bases  prior  to  the  reading  frame) 


through  1224  at  the  3'  end  (18  bases  beyond  the  reading  frame),  for  Vib 
mRNA  from  123  bases  beyond  the  5'  end  to  52  bases  beyond  the  3  end, 
and  for  V2  mRNA  from  32  bases  beyond  the  5’  end  to  53  bases  beyond  the 
2>  end.  The  sequences  for  the  vasopressin  Vi  receptor  mRNAs  had  exact 
sequence  homology  with  the  sequence  of  human  Via  mRNA  and  the 
sequence  of  human  Vib  mRNA  published  earlier  by  us  and  others 
(3,4, 6, 7).  One  sequence  of  human  V2  receptor  mRNA  from  breast  cancer 
cells  was  identical  to  that  published  by  us  and  others  for  normal  human 
tissues  (8,9).  Additionally,  an  enlarged  product  of  the  V2  receptor  was 
found  to  contain  the  entire  106  bases  of  intron  2  in  addition  to  sequence 
for  V2  mRNA. 

Western  Analysis. 

Western  analysis  using  of  the  protein  A-isolated  IgG2b  preparation  of 
polyclonal  antibodies  against  the  Via  receptor  (Vivian  3)  revealed  the 
presence  of  major  protein  bands  at  approximately  87  KDa,  82  KDa,  57  KDa, 
and  45  KDa,  and  30  KDa,  while  use  of  isolated  polyclonal  antibodies  to  Vib 
receptor  (Bivily  3)  gave  a  prominent  protein  bands  at  approximately  8  2 
KDa,  78  KDa,  42  KDa,  and  35  KDa.  Western  Analysis  with  polyclonal 
antibodies  to  the  vasopressin  V2  receptor  (Rocket  3)  demonstrated 
prominent  protein  bands  at  approximately  47  KDa,  41  KDa,  and  30  KDa. 
These  could  represent  products  of  both  the  normal  V2  mRNA  and  the 
abnormal  V2  mRNA  because  both  types  of  receptor  proteins  (and  some  of 
their  metabolites)  should  react  with  Rocket  antibodies  that  recognizes  an 
epitope  in  the  N-terminal  region.  When  antibodies  against  the  abnormal 
vasopressin  V2  structure  (Abner  3)  were  used  on  MCF-7  cell  extracts, 


prominent  protein  bands  at  81  KDa,  48  KDa,  43  KDa,  40  KDa,  and  34  KDa, 
were  displayed.  These  immunoreactive  proteins  would  represent  only  the 
abnormal  receptor  plus  glycosylated  and  N-terminally  truncated 
metabolites  because  Abner  antibodies  specifically  recognize  the  abnormal 
C-terminus.  Data  from  Western  analyses  performed  using  the  BX 
procedure  and  antibodies  against  V,„  Vlb  and  V2  receptor  proteins  from 

cells  are  illustrated  in  Figure  3. 


MCF-7  breast  cancer 


DISCUSSION 


Breast  cancer,  exemplified  here  by  MCF-7  cells,  is  shown  for  the  first 
time  to  express  gene  products  for  not  one,  but  all  three  of  the  currently 
recognized  receptor  subtypes  (Via,  Vib,  and  V2)  for  the  hormone 
vasopressin.  Additionally,  an  mRNA  for  the  putative  human  vasopressin 
receptor  known  as  HVACM  (10)  was  also  shown  to  be  expressed  by  MCF-7 
cells,  but  details  of  these  studies  will  be  presented  elsewhere.  With  respect 
to  Via  and  Vib  receptor  subtypes,  a  single  mRNA  is  produced  and  each  was 
found  to  have  sequence  identity  with  those  expressed  by  normal  tissues 
(4,6).  For  the  V2  receptor  subtype,  both  a  sequentially  normal  form  of 
mRNA  (8,9),  and  a  sequentially  abnormal  formal  of  mRNA  were  present  in 

these  cells. 

The  abnormal  mRNA  expressed  by  MCF-7  cells  is  identical  to  the 
larger  form  of  V2  receptor  mRNA  produced  by  small-cell  carcinoma  (3). 
This  mRNA  contains  the  entire  structure  for  intron  2  of  the  gene,  and  is 
apparently  the  product  of  incomplete  splicing  (8).  The  introduction  of  a  tag 
stop  codon  into  the  reading  frame,  a  short  distance  from  the  5’  end  of  the 
transcribed  intron  commencing  at  base  position  1359  of  the  gene,  leads  us 
to  expect  this  mRNA  will  translate  into  a  C-terminally  truncated  receptor 
lacking  the  seventh  transmembrane  domain.  That  this  mRNA  is  translated 
into  protein  products  is  supported  by  the  presence  in  MCF-7  cell  extracts 
of  proteins  immunoreactive  with  antibodies  solely  recognizing  this 
abnormal  truncated  C-terminal  structure.  A  similar  receptor,  lacking  the 
seventh  transmembrane  domain  and  C-terminus  of  the  normal  V2  receptor, 
is  predicted  to  be  produced  through  a  single  base  substitution  in  the 


inherited  form*  of  nephrogenic  diabetes  insipidus  known  as  the  Utah  type 
(11).  Since  the  Utah  receptor  appears  to  be  non-functional,  it  is  likely  that 
the  abnormal  tumor  receptor  is  either  also  non-functional,  or  serves  as  a 
"null"  receptor  if  able  to  bind  peptide  and  be  expressed  at  the  surface  of 
cells.  However,  the  studies  of  Sadeghi  et  al.  (12)  suggest  that  receptor 
proteins  lacking  the  seventh  transmembrane  domain  might  not  become 
components  of  the  plasma  membrane. 

Both  normal  and  abnormal  mRNAs  of  MCF-7  breast  cancer  cells  were 
shown  to  be  translated  into  receptor  proteins  that  are  recognized  through 
interactions  with  specific  antibodies.  The  protein  products  of  all  three 
normal  mRNAs  seem  to  be  of  sizes  (30-50  KDa  and  70-87  KDa)  compatible 
with  them  being  functional  receptors  (4,7,8,13).  The  expression  by  breast 
cancer  cells  of  both  Vi  and  V2  receptors  implies  that  vasopressin  can 
initiate  a  whole  range  of  intracellular  cascades  that  include  activation  of 
phospholipases  and  protein  kinase  C,  as  well  as  activation  of  adenylate 
cyclase  and  protein  kinase  A  (14-19). 

A  common  feature  of  breast  cancer  would  seem  to  be  an  autocrine 
loop  involving  vasopressin,  because  coupled  with  the  current  findings 
we  have  earlier  obtained  evidence  that  vasopressin  is  produced  by 
apparently  all  breast  cancers  (20).  The  growth  promoting  actions 
reported  for  vasopressin,  on  MCF-7  breast  cancer  cells  by  Taylor  and 
coworkers  (1),  and  on  mammary  tumors  by  Chooi  and  coworkers  (21), 
are  presumeably  exercised  through  Via  and/or  Vib  receptors.  These 
receptors  are  reported  to  activate  phospholipases  A2,  C,  D,  and  protein 
kinase  C,  raise  intracellular  free-Ca^+,  and  increase  phosphorylation  of 


MAP  kinase  and  of  FAK  kinase,  in  normal  tissues  and  in  small-cell 
cancer  cells  ().  All  of  these  transduction  cascades  have  been  associated 
with  cellular  mitogenesis  (14-18).  However,  Taylor  and  coworkers  (1) 
also  showed  that  vasopressin,  can  inhibit  the  growth  of  MCF-7  cells.  We 
believe  there  is  a  growing  body  of  supportive  evidence  that  this 
negative  influence  on  growth  of  the  peptide  could  be  exercised  through 
normal  vasopressin  V2  receptors,  and  have  earlier  proposed  this  for 

small-cell  lung  cancer  (3). 

In  support  of  a  vasopressin  V2  receptor-related  mechanism  being 
involved  with  the  growth  inhibition  of  breast  cancer  cells  are  the  earlier 
findings  that  growth  inhibition,  as  well  as  growth  promotion  and  cellular 
differentiation  in  tumors  can  been  associated  with  changes  in  cAMP 
(22,23,24).  More  recently  and  significantly,  Cassoni  et  al.  (25)  have 
demonstrated  that  inhibition  of  a  breast  cancer  cell  line  is  produced  by 
rises  in  cAMP.  Since  vasopressin  raises  cAMP  by  activating  V2  receptors,  it 
seems  likely  the  peptide  can  inhibit  growth  through  this  mechanism.  If 
this  is  indeed  the  case,  it  means  vasopressin  through  its  different  receptors 
is  exercising  a  multifaceted,  rather  than  a  simple  mitogenic  role  in  the 
growth  and  survival  of  breast  cancer,  and  can  best  be  described  as  an 
autocrine  growth  modulatory  agent,  in  much  the  same  way  it  is  regarded 
as  a  neuro modulatory  agent  in  the  central  nervous  system.  It  is  als 
possible  such  eclectic  properties  are  exhibited  not  only  by  vasopressin,  but 
by  most,  or  all,  other  autocrine  tumor  growth  factors. 


[The  existence  of  a  range  of  actions  on  breast  tumors  by  vasopressin  would 
open  the  way  for  the  development  of  a  range  of  new  therapeutic 
approaches  for  treating  this  disease,  that  include  use  of  peptide  and  non- 
peptide  analogs  of  DDAVP  to  arrest  tumor  growth.] 


MATERIALS  AND  METHODS 


Cell  Culture  and  Human  Tissues 

The  breast  cancer  cell  line  MCF-7  was  purchased  from  the  American  Type 
Tissue  Culture  Collection  (Rockville,  MD).  This  cell  line  has  been  shown  to 
express  vasopressin  gene-related  products  by  immunocytochemistry  (26), 
and  by  Western  analysis  (unpublished  data).  Cells  were  maintained  in 
RPMI  1640  medium  (Sigma  Chemical  Co.,  St.  Louis,  MO.)  supplemented 
with  10%  FBS  (Hyclone,  Logan,  UT)  at  cell  densities  of  105- 10*  cells/ml  in  a 
humidified  atmosphere  of  5%  C02  at  37°C. 

RNA  Isolation  and  RT-PCR 

Total  RNA  was  isolated  from  cells  using  Trizol  reagent(Life  Technologies, 
Inc.,  Gaithersburg,  MD).  This  total  RNA  (1-5  pg)  was  added  into  a 
Superscript  preamplification  system  (Life  Technologies,  Inc.)  for  the 
synthesis  of  the  first  cDNA  strand  by  using  an  oligo  (dT)  primer  and 
reverse  transcriptase  (400  U),  and  the  product  used  directly  for  PCR.  PCR 
was  performed  in  a  thermocycler  (ERICOMP,  San  Diego,  CA).  The  reaction 
mixtures  were  overlaid  with  50  pi  of  mineral  oil  and  subjected  to  an  initial 
denaturation  at  96°C  for  2  min.,  followed  by  30  cycles  comprising  a 

denaturation  step  at  96°C  for  30  sec.;  a  step  for  annealing  the  primers  to 

the  template  at  58°C  for  1  min.  30  sec.;  and  an  extension  step  at  72°C  for  1 
min.  30  sec.  At  the  completion  of  the  cycling  reaction,  an  additional 
extension  step  at  72°C  for  10  min.  was  performed.  The  primers  selected  for 

PCR  and  sequencing  of  Via,  Vib  and  V2  receptors  are  summarized  in 


Figures  la,  lb,  and  lc.  These  primers  were  synthetic  18,  19,  20,  and  22 
oligomers  designed  to  yield  overlapping  PCR  products  of  454,  669,  and  85  8 
base  pairs  (bp)  for  Via  receptors;  synthetic  18  and  20  oligomers  yielding 

overlapping  PCR  products  of  903,  768,  535,  and  589  bp  for  Vib  receptors; 
and  synthetic  20  oligomers  providing  overlapping  PCR  products  of  512  and 
862  bp  for  V2  receptors  ().  These  PCR  products  for  Vi  and  V2  receptors 
collectively  spanned  the  entire  open  reading  frame  of  the  receptor  mRNAs. 
PCR  products  were  extracted  with  an  equal  volume  of  chloroform  and 
examined  on  2%  agarose  gels. 

Cloning  and  Sequencing 

PCR  products  (1  pi,  4-12  ng)  of  vasopressin  receptors  were  ligated  into  a 
pCR™  vector  and  2  pi  of  the  ligation  mixture  transformed  in  One  Shot™ 
Competent  Cells  using  a  TA  Cloning  Kit  (Invitrogen,  San  Diego,  CA).  Plasmid 
clones  were  prepared  with  a  Wizard™  Minipreps  DNA  purification  system 
(Promega,  Madison,  WI.),  and  screened  by  EcoR  I  digestion  and  agarose  gel 
electrophoresis.  At  least  two  positive  clones  of  each  PCR  product  were 
chosen  for  double  strand  cDNA  sequencing  with  a  DyeDeoxy™  Terminator 
Cycle  Sequencing  Kit  (Applied  Biosystems,  Perkin  Elmer).  The  primers 
chosen  for  PCR  amplifications  as  described  in  Figure  1,  and  vector 
universal  primers  (M13  Forward  and  M13  Reverse),  together  served  as 
sequencing  primers.  The  protocol  for  sequencing  cloned  cDNA  (1  pg)  was  as 
follows:  96°C,  2  min.;  25  cycles  at  96°C,  15  sec.,  50°C,  15  sec.,  and  60°C,  4 
min.  The  products  were  purified  with  Centri-Sep  spin  columns(Princeton 
Separations,  Adelphia,  NJ).  Automated  DNA  sequencing  was  performed 
using  a  Model  373  DNA  Sequencer  from  Applied  Biosystems. 


Polyclonal  Antibodies  and  Western  Analysis 


Rabbit  polyclonal  antibodies  to  the  human  vasopressin  Via,  Vib,  and  V2 
receptors,  and  an  abnormal  form  of  V2  receptors,  were  generated  using 
procedures  similar  to  those  described  previously(2,3).  Decapeptide 
amides,  nonapeptide  amides,  or  decaptides  representing  8-10  amino-acid 
unique  sequences  in  each  of  the  four  receptor  forms  with  an  added  N- 
terminal  tyrosine  (to  permit  iodide  labeling),  when  this  amino-acid  was  not 
already  present  in  the  sequence  chosen,  were  used  as  antigens  (2,3). 
Antibodies  from  antisera  (Vivian  for  Via  receptor,  Bivily  for  Vib  receptor. 
Rocket  for  V2  receptor,  and  Abner  for  the  abnormal  V2  receptor)  obtained 
in  this  manner  were  isolated  as  IgG2b  fractions  from  protein  A-Sepharose 
(Sigma)  chromatography  for  employment  in  Western  blot  analysis  at 
concentrations  of  10  pg/ml.  Samples  for  Western  analysis  were  prepared 
by  sonicating  cells  (0.4  -  1.2  x  107)  in  1.0  ml  of  Lysis  Buffer  (10  mM  Tris 
HQ,  5  mM  EDTA,  50  mM  NaCl,  30  mM  Na  P04,  50  mM  Na  F,  0.1  mM 
Na3V04,  1  mM  PMSF,  0.2  I.U./ml  Aprotinin,  0.1%  Triton  X-100,  pH  7.6). 
Homogenates  were  centrifuged  for  2  minutes  at  12,000xg  and  ambient 
temperature.  Soluble  extracts  were  mixed  1:1  with  2x  SDS/  Tris-HCl 
sample  buffer  (pH  8.7)  containing  50  mM  DTT,  and  proteins  reduced  by 
heating  at  100°C  for  5  min.  These  proteins  were  then  subjected  to  SDS- 
PAGE  electrophoresis  on  12%  gels  at  pH  9.3  using  the  method  of  Laemmli 
(29).  Separated  proteins  were  electrophoretically  transferred  in  20  mM 
Tris  glycine  to  Immobilon  PVDF  membranes.  These  membrane  transfers 
were  dried  and  incubated  for  16  h  at  4°C,  with  rabbit  polyclonal  antibody 
preparation  against  Via,  Vib  or  V2,  or  V2  abnormal,  receptors  (see  above) 
in  pH  7.4  Tris  HC1  buffer  (10  mM  Tris  HC1, 100  mM  NaCl,  5%  BSA,  and  0.1% 


Tween  20).  Following  washings  (x3)  in  the  pH  7.4  buffer,  membrane 
transfers  were  incubated  with  a  goat  anti-rabbit  IgG-horseradish 
peroxidase  conjugate  for  1  h.  Each  was  removed  by  washing  (x3)  in  Tris 
HQ  buffer,  pH  7.4.  Transfers  were  sometimes  placed  in  a  1:50  dilution  of 
33%  H2O2  in  methanol  for  30  min.  before  blocking  (to  destroy  endogenous 
peroxidase  activity  in  the  sample).  Immunoreactive  proteins  in 
peroxidase-treated  transfers  were  visualized  using  an  ECL  Western 
Blotting  Detection  System  (Amersham  Life  Sciences,  Arlington  Heights,  IL) 
with  exposure  of  X-ray  film  from  30  sec.  to  120  sec.  Prestained  SDS-PAGE 
standard  proteins  (Sigma)  were  employed  as  molecular  size  markers. 
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LEGENDS 


Figure  1.  Synthetic  primers  selected  for  RT-PCR  and  sequencing  from  the 
MCF-7  breast  cancer  cell  line  (a),  the  vasopressin  Via  receptor;  (b).  the 
vasopressin  Vlb  receptor  and;  (c).  the  vasopressin  V2  receptor.  These 
oligomers  generated  overlapping  PCR  products  that  collectively  spanned 
beyond  the  entire  reading  frame  of  the  receptor  mRNAs  and  introns  of  the 
genes.  Sequences  obtained  from  these  products  provided  sequences 
identical  to  sequences  of  mRNAs  published  earlier  for  normal  human 

tissues  by  us  and  others  (),  and,  in  addition,  a  partially  spliced  V2  mRNA 
that  retains  intron  2  of  the  gene  and  can  give  rise  to  a  C-terminally 
truncated  receptor.  All  of  these  forms  were  previously  shown  by  us  to  be 
expressed  by  small-cell  lung  cancer  (). 

Figure  2.  RT-PCR  products  obtained  with  a  total  RNA  preparation  from 

MCF-7  breast  cancer  cells  and  separated  on  2%  agarose.  Selected  primers 
for  Via,  Vlb  and  V 2  receptors  (see  Figure  1)  yielded  overlapping  cDNAs 

that  provided  the  sequence  for  the  entire  reading  frame  of  human 
vasopressin  Via,  Vlb,  and  V2  receptor  mRNAs.  (a)  Via  receptor:  lane  1, 

100  bp  DNA  ladder;  lane  2,  3  and  4,  454  bp,  669,  and  858  bp  of  Via 

products  of  expected  size;  (b)  Vlb  receptor:  lane  1,  100  bp  DNA  ladder, 

lane  2,  589  bp  product  of  expected  size  obtained  with  primers  f2  and  rO; 
lane  3,  535  bp  product  of  expected  size  obtained  with  primers  f2  and  r2. 
(b)  V2  receptor:  lane  1,  512  bp  product  of  expected  size  obtained  using 
primers  A  and  B;  lane  2  968  bp  product  of  enlarged  size  obtained  using 
primers  C  and  D;  lane  3,  862  bp  product  of  normal  lung  obtained  using 
primers  C  and  D. 


Figure  3.  Western  blot  analysis  from  SDS-PAGE  (12%)  with  an  ECL  detection 
system  (Amersham)  showing  dithioerythritol -reduced  proteins  from  MCF- 
7  cells  that  were  immunoreactive  with  rabbit  polyclonal  antibodies:(a) 
Proteins  of  approximately  KDa  immunoreactive  with  antibodies  against 
human  V2  receptor  (Viavian  3);  (b)  Proteins  of  approximately  39  KDa 
immunoreactive  with  antibodies  against  human  V  ib  receptor  (Bivily  3);  (c) 
Proteins  of  approximately  12  KDa,  17  KDa,  and  33  KDa  immunoreactive 
with  antibodies  against  human  V2  receptor  (Rockie  3)  and;  (d)  Proteins  of 
approximately  36  KDa,  43  KDa,  50  KDa  and  61  KDa  immunoreactive  with 
antibodies  against  an  abnormal  human  V2  receptor  (Abner  3)  .  The 
transfers  were  first  reacted  with  peroxide  in  ethanol  to  block  endogenous 
peroxidase  activity,  and  the  PVDF  membrane  then  blocked  with  a  5%  BSA 
solution  in  Tris  HCl-Triton.  Incubation  with  the  Protein  A-isolated  primary 
antibodies  was  performed  for  16  h  at  4°C,  and  incubation  with  the  goat- 
antirabbit  IgG-horseradish  peroxidase  conjugate  (GIBCO/BRL)  in  Tris  HCl- 
Triton  was  performed  for  1  h  at  ambient  temperature.  Immunoreactive 
proteins  were  visualized  on  X-ray  film  exposed  to  the  transfer  for  2  min, 
30  sec,  and  1  min,  respectively. 


RT-PCR  primers  and  products  of  Via  receptor  in 
MCF-7  breast  cancer  cells 


1472bp 


-AAA  3’ 


AlC=1281bp 


Al,  5'-cgagyaggagcygcayggac-3' 
C,  5'-gttgcatgaatgcaaggc-3' 


RT-PCR  primers  and  products  of  Vlb  receptor  in  MCF-7  breast  cancer  cells 
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1276  bp 
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f0r3— 


f5r5= 


f4r0“ 


fO,  5'-tccctgtcattctcaacgct-3' 
£5, 5'-cgctacctggctgtctgtcac-3' 
£4,  5'-ccaatgtggctttcaccatc-3' 
t3,  5-gaagacttgagggaggct-3' 
r5,  S’-ctgttgaagcccatgtagatc-S' 
rO,  5’-cagagaacctccactagtcc-3’ 


RT-PCR  primers  and  products  of  V2  receptor  in  MCF-7  breast  cancer  cells 
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AlF=817bp 


CD=862bp 


Al,  5'-caggccctcagaacacctgc-3' 
F,  5-cacgtgggctccctcaccggg-3' 

C,  5'-atgctcatggcgtccaccac-3' 

D,  5'-ggaaggcagctgagcttctc-3' 


Figure  1 


Figure  2  Not  Yet  Aveileble 


Via 


V2  abnormal 


Figure  3 
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1996  Standard  Abstract  Form 

EVIDENCE  FOR  THE  EXP^|ONOF  ^OVFL  V  (VAMW 
-ACTIVATED  CALCnJM  MO^GRKt^  J(K  A  lq-jco,  M  J. 

RfflSir of  physio,osy- Danmomh 

Medical  School,  Lebanon,  NH  <b/*6 
mpuipostof,Wssn,d,— 

rabbit  VACM-1  receptor  is  expre-.J  ^  ^  br£,st  cancer  and  lung 

indicates  that  vasopressin  may  be  factor.  Vasopressin  can  ac 

cancer  pathophysiology,  as ana ^  the  recently  cloned 
through  four  classes  of  recepto...  V-,  ,  Lh£t  contains  a  single 


raismcniuiaiiw  wv»*.wV.  «Nu*.\<rF-7  T47-U,  ana  £.xw M 
Ca2+  in  the  breast xancer cell  In-  •  I^m’lheSe  cell  lines,  as  well  as  nornial 
ihelung  cancer  cell  bneH*l-*9- *  •  reverse  transcription 

banian' tissues  (kidney  and  o^W  wJte  ^  ^  rt.pcr, 

«**  .he  rabbi.  VACM-1  «TO_  . 


and  H-146  revealed 

S»trSSS^fa 

^^^^^^iS“c9iessiniec'?’orffl 

toan  cancer  cell  lines  and  normal  tonun  nssoes. 


il  lines 
iCF-7 


a.  MAH  ~s.  IT  «  * J!f’W  S?"i5’’ 

wichael  3.  ~£V-  ?h.P»— 

rUaU 


t  phanon.  N  H  03156  USA,, 

We  earlier  discovered  that  to  V«°P^"  Apparently  arises  as  part 
probably  all  breast  cancers,  _  mammary  eland,  and  that  40  KDa  and 
of  the  carcinogenesis  process  in  oenerated  as  components  of  the 

20  KDa  vasopressin-related  P'°'eins  °We  have  named  the  membrane 
plasma  membrane  in  breast  tumor  cel  antiiens)..We  have  now 

proteins  GRSA  (g.lycopeptide-related  < n  an(f  ,he  processing  of 
examined  aspects  of  vasopressin.  usin2  rt-PCR,  cloning,  DNA 

gene-associated  Products  in  ^  fraclionatio„,  Western  analysis,  and.  flow 
sequencing,  sucrose-gradient  following  conclusions: 

cytometry.  Results  obtained  have  led  us  m  the  m ^  ^  normal 

•  GRSA  surface  markers  originate  thro  P  RT.PCR  products  of 

and  abnormal  vasopress  n  genesjh,  ..  hec ^ 
normal  and  increased  size,  as  wen  as  »i 

sequences,  were  obtained;  ,  f  -  controlled  by  factors 

.  trafficking  of  GRSA  proteins  to the  cel!  This  is  because 

additional  to  structural  elements  wnh  - •  P.  ,  2Q  KDa 

both  abnormal  40  KDa  protein  Vesicles; 

provasopressin  are  package ed 1  in  vasopressin-related  proteins 

.  abnormal  posttranslational  Pr0^e.ssl  *  m  l0  express  intravesicular 
by  tumor  cells  is  no.  dim  to*-  nab »U expr  ^  ^ 

processing  enzymes.  This  is  because  and 

functional  forms  of  Pr°^™°ne  ^ably  produced  by  these  cells; 
carboxypeptidase  E  (CPE)  are  Pr°Da  J  ^  _h  sin  structures,  as  well 
.  GRSA  proteins  contain  vasopressin  an  .  .  PThis  js  because  antibodies 
as  the  glycopeptide  moiety  of  P~v  ]h^iin  (VP-HNP) 

to  vasopressin,  human  vasopressin  P  with  bolh  40 

and  vasopressin-associated  glycopeptide  (VAG), 

KDa  and  20  KDa  protein  forms,  and;  _  immunotherapeutic 
.  GRSA  proteins  can  be  potentra  ly  use  proteins,  as  components 

treatments  of  breast  cancer.  This  is  because  me  p 
of  viable  cells  in  vitro,  react  with  specific  antibodi  s. 
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SSRSS^’«siS  •&«  -«•»•  »• 

We  have  discovered  that  va»? cniy  srr.all-cell 
mcst  pobably  univetsal  hneas^  t;w  fc|es$1  cancef.  Unlike  »« 
carcinoma  ol  the  lung  \S  h  oc„*  o{  ^ese  proteins  a-e  n0* 
production  by  neurons,  most  (>•“  >  '  ,umc,  cei>s.  but  instead  w 
packaged  Wo  secretory  vesicles  by  -  -  1  .  ,  bra  surface 

•  trafficked  to  the  plasrr.a  nterr.br. he  »he,e  '.  ey  h^ 

antigens  (NRSA).  RT-PCR.  cloning  se,.enc  ^  lfcwtd  us  to 

chemistry,  Western  analysis.  »nS  tu„c,  proteins:, 

reach  the  Slewing  conclusions  a  out^  ^  v?  genes: 

.  NRSA  originates  iron  ol  &£u-  -  e(  lhe  ca:cl-iogenic  process 

•  V?  gene  expression  ss  a  1‘^ly  bfeasl  cancer. 

h tnscfption  that  probably  lead  to  tumor- 

;?ssa^sc  ;;^Wort 

7  NRSA  arises  through  both  normal  end  abnor.. 

pesnranscriptional  P^€S^9;  rf8ce  ;s  controlled  by  Isctors 

•  trafficking  o!  NRSA  to  p,c,eins  translated: 

additional  to  structural  elernen.s  •  ^  ^  ,0 

•  abnormal  processing  ol  pf0t  ;  prrvmrS4 

inability  to  express  intravesieular  (»««*  '  S  j  C-:5S  not 

.  changes  in  tumor  dilleren.iation  !«  drug^e^s  ^ 

adect  the  nature  nor  the r  degree  ^  ? ,'VP.  neu.ophysin,  and 

•  membrane  models  lor  NnoA  s 
clvcooeotide  elements  to  be  extracellu.cf. 


Submittted  to  be  published  in  the 
Proceedings  of  the  Society  for 
Neuroscience 
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The  purpose  of  this  study  was  to  deter  mmeif  a )  Vccept or  °i  T  Expressed  in  human 
vasopressin-activated  calcium  mobilizing  (V A  :  •  ^  CP‘  ^j.  ari(j  iung  cancer 

cancer  cells.  Vasopressin  (AV?)  may  be  involved  m  four  classes  of 

pathophysiology,  as  an  autoenne/paraenne  9[*  .  /structurally  urique  member  of 

receptors:  V2,  Via,  Vlb,  and  the  recently  cloned  VACM-1,  s  ructu r-lly^  q  homologous 

this  group  that  contains  a  single  transmembrane  7-  ' -Vl  mRN  4  )*AVP  induced  an 
cDNA,  termed  HVACM,  was  cloned  from  human  phec.  Ul  -^A.;  AVI  »  zr_ 

inaease  in  intracellular  free  calcium  in  the  breast  cancer  ce.l  lines  .  .Cr  ,  V 
75,  and  in  the  lung  cancer  cell  line  NCI  H-146.  Total  RNA  from  these  ceH ^jes  and  r 
human  tissues  (kidney  and  lung),  ’.vas  used  for  reverse  >r^nsc  .p  .  p  y  dc<,;  d 
reaction  (RT-PCR)  and  Northern  blot  analysis.  RT-PCR,  using  ^0  p  J 6?4  ^z7,d 

against  the  rabbit  VACM-1  sequence,  amplified  oands  o.  u-e  P*^  ‘  1  7  .  obtained  from 

193  bp  in  all  cell  lines  and  tissues  tested-  direct  scquenci ng  of  F' ^  the  huITl£n 
K-146  revealed  a  lugh  degree  cfidentity.to  the  rabbit  VACM-1  cDNA  (90 «  and  the  n  m 

HVACM  cDNA  (99.5%).  Northern  blot  analysis  revealed  tr.ree  G!Si}nct  h^6  'ff  <ence  of 
kilobases)  in  the  cancer  cell  lines.  In  summary,  we  have  demonstrMeO Mne  ^ 

mRNA  for  a  novel  AVP  receptor  in  human  cancer  cell -hi.es  ^,a  nor..  - 
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„  is  cntnlly  no  taom  »“''"ssl  ””•'!”  S/SjSStS'illcsl^ tppestta 

afor  early  detection,  for  tumor  Iccahza^on,^  ^  i  ,  deJec.;)0„,  and  combinauen 

ilmtttl  ment  ofihas  disease  depend -JgWgjJ  J  breasi  cancers  we  examined 
^oihcraw  and  radsauon  for  treatment. Nn  c  ®\c  .  •/ .^5  CVpress3on  represented  a 

id  a  battery  of 
c,  methods  of 

bodies  directed  againsi  «nw«»  “$— •* T4Ver<e  transcription  followed  by 
tein  isolation  and  characterization.  flo*  \ .  ‘  /^f.’pcR),  DNA  sequencing,  sucrcst- 
S  f, cation  throuch  polymerase  chain  J“=«  on  ^T  {J>*  %ve  have  utilized  surgical  *A 
lient^ra^tionation.^d  radidCTnuM^say^  b  ouynJ^c^^e^^^>£  -c  <jjsease,and 

_ j  \“jcrirtre?£lTl 


yai-ssws* - - 


ns 

WTT, 


ERA  of  Hope  Proceedings 


vasopressin  sene  expression  is  also  common  to  this  form  of  preinvosive  breast  cancer 
Results  obtained  from  protein  analysis  and  sucrose-gradient  fractional  s.u.;es.  on  breast 
cancer  and  the  MCF-7  Snd  ZR-75- 1  cell  lines,  indicate  va^ssir scene  bro.. 


;  named  inese  proteins  concerned  ...... w 

antigen)  because  for  viable  MCF-7  cells  in  culture  they  were  found  to  react  «  ith  our 
antibodies  to  VAG.  Ongoing  RT-PCR  studies  on  MCF-7,  T4  /D.ZR-/,-l  cell  lines,  uulir.i: 
ten  primers  designed  to’produce  cross-over  products  for  the  whole  reading  frame  of 
vasopres'3n  (VP)  mRN'A,  have  so-far  allowed  us  to  deduce  that  GRSA  ?m.eins  are  the 
products  of  at  least  two  VP  mRXAs,  one  of  normal  size  and  presumably  ge.ner.ted  from  a 
form M  tene.  the  other(s)  containing  an  additional  600  bases  upstream  from  Exon  B  and 
generated  either  from  a  normal  gene  through  alternative  splicing 
fniron  1  or  from  an  abnormal  gene  with  an  insertion  in  Exon  A.  In  ours.J^y  e  ha\e  ^ 
additionally  found  no  evidence  for  cross-over  between  vasopressin  and  oxytocin  genes  in 
Sancer.  Although  cellular  trafficking  of  GRSA  pr^^tsl^^of  secretory 


(CPE 
For  CPE 


were  used  in  K  i‘-PCR  perform™  on  *<  «...  r"  '-"--;  ;  r;  {.  ~  ,  nVA 

crimers  products  of  the  predicted  sue  were  obtained  from  both  cell  Iin-S,  D\ A 

xequencino  save  a  sequence  identical  to  that  published  for  functional  CPc.  of  amenoi  _ 
'piS’%  SiSlarly.  a  product  of  predicted  size  and  normal  structure  could  be  amplified  usir, 
^SpnrMrTfrwnM??-?  oells.^ut 


of  7  patients  wnnereast  cancer.  ru.«i>  !«»/•  ’  "T.' VvPt  s-.->»arx  te  he  a- 

methods  for  detecting  turnon  and  monitoring  treatment  \  asopressi..  (^K?eJS »°  be  a., 
'’utocrine  «rowih  facTor  for  breast  cancer.  In  this  respect,  we  u  ere  e  be.n  *Je  to 
demonstrate  forT47D  and  ZR-75-1  cells,  using  Indo-IAM 

that  the  peptide  can  increase  intracellular  free-Ca>  in  a  dese-depende„t  -£«-£. e  were 
a’so  ableto  show  through  Western  analysis  that  V?  can  activate  mitogen-a,u\  ..ed  protein 
(StAW  K?S Sse  «!!s.  Although  these  effects  both  appear  to  be  though  a  vasopressin 
Vi«ceptortnedianism,  RT-PCR  and  DNA  sequencing  has  been  used  by  us  to  show  to 
breast  cancer  cells  are  capable  of  expressing  all  four  vasopressin  race ?.a -.b:>  pes  JJ& 
Vis,  W  and  human  VACM).  as  well  as  oxytocin  receptors.  BT  549.  MCF-7,  MDA-Mo 
231.T47D,  and  ZR-75-1  cells  have  featured  in  these  receptor  studies. 


7SS 


i^Uki^  »  u.-vf< *-•;" -  * 

>  evaluate  which  vasopressin and  ^Z'^?M}vnKi2«  chJn: reaction  (RT-PCR) 

ncer  cells  the  technique  of  «' v'  receptor,  the  V 1  a  vasopressin 

as  used  with  pniDtr  pairs  sp. cjjcJo:  -  c  <  receptor,  and  the  vasopre^^ 

_ ,v*  vtv  vstarvesun  receptor,  the  vi  \^opicyjii  -«■  ptr 


phosphorated)  MAP  Kinase  evaluated  by  western  Din 

Cyw.tda:  Br.aat  Canc.r  C.lh,  Vaa.pr.aaln  and  Oxytocin,  Vaaapr.aiin 
md  Oxytocin  Rec.plora,  Signal  Transduction. 

. ,  .Va  11  c  •  i-rtv  \1cdic^l  Research  and  h5aten«sl 
rh:s  work  was  supported  by  the  U.S.  ^ms>  Mecjc-i  nc.c-t 

wider  DAMD17-M-H»». 


7S7 


Usin»  the  technique  of  RT-PCR  evidence  was  obtained  for  the  expression  of  mRNA(s) 
for  a  number  of  vasopressin  and  oxytocin  receptor  subtypes  culturec 1  breast  cancer  ceil 
lines.  Using  wo  primer  pairs  based  on  the  sequence  of Mrt  n  t,~. 


lines.  It  is  believed  that  tms  proouct  repr««u»  --ri- 

species  containin'  the  second  intron.  Using  Primer  pairs  that  amplify  a  .39  bp  PCR 
product  for  the  Vlb  vasopressin  receptor,  a  product  of  the  predicted  size  was  amplified 
from  the  MCF7  breast  cancer  cell  line.  Preliminary  PCR  resuh  using  a  primer  pair  based 
on  the  Via  vasopressin  receptor  indicate  that  a  PCR  product  o.  L.e  predicted  si2e  of -OS 
bp  was  amplified  from  the  T47D  breast  cancer  cell  line.  The  identity  of  the  VACM  and 
Vlb  PCR  products  has  been  verified  by  direct  DN  A  sequencing  o.Ae  PCR  Faucis 
Nonhem  blot  analysis  for  VACM  using  RNAfrornihe  ZR-,5hlCF-7  and  T4/D >  cell 
lines  indicates  RNA  species  of  -  3.5. 5.  and  6.5  Kb.  Using  ado- 1  AM  loaded  ZR-  /5  and 
T47D  breast  cancer  cells  neuropeptide  induced  changes  in i  ir.-.-3:edu.ar  fie _*  ca3c>unj 
monitored  using  flow  cytometric  analysis.  V  asopressin  (0.  JOaM. 100  nM.  a..d  1.000 
nM)  was  administered  after  approximately  20  seconds  of  baseline.  In  both  cell  h...s  _ 
vasopressin  at  the  100  nM  and  1,000  nM  doses  induced  a  rise  in  intracelluhr-free  calcium 
2S  indicated  by  an  increase  in  the  405nm'4S5nm  ratio.  At  all  bit  coses  studied  ox\iocin> 
(10  nM.  300  nM,  1 .000  nM)  did  not  cause  a  noticeable  rise  in  int.-acel!ular-free  calcium  in 
the  ZR-75  and  T47D  cell  lines.  Treatment  of  MCF-7  breast  cancer  cells  with  1O0  nM  and 
1,000  nM  vasaoressin  resulted  in  a  dose-dependent  increase  in  tyrosine  phospho.n-la.ed 
MAP  kinase  as'determined  by  Western  blot  analysis. 


cell  grow,! 
cascade.  “ 

and  oxvtocin  in  Dreast  cancer  pBWJopnvaicw*/.  A  v 

cancer  cell  growth,  the  hormone  receptors  through  which  these  $?&**£**  Jtleeics 
cellular  changes  associated  with  receptor  activation  1$  crucial  to  ideating  no%el  s.wte  jcs 
for  the  treatment  of  breast  cancer. 


hv,\CM  receptor 

l;^P^T10N^Homowpi£^v3^opre^n^livalcd  «L»  mobilizing  JW** 

FNrI«piorproiein(VACM-l)mjbNA,completecds. 

ACCESSION  AFO 17061 
N1D  S2394273 
KEYWORDS  . 

SOURCE  human. 

Primates;  Catarrhini;  Hominidae,  Homo. 

*E  uSzTdMM X,  and  Nonh.W.O. 

•  TITLE  Direa  Sobrassion  of  Physiology.  Danmomh  Medscal 

^IfooU, S^5c^Unon.  KH  03755,  USA 
FEATURES  Location/Qualiners 

source  1..2461  , 

/or£ani$in=  Homo  sapiens 
/cell  _line="NCI-H  146" 

«ene  1..2461 

c  /gene="VACM-T 

CDS  *  1..2346 

/senes"VACM-l" 

/note=,'HSVACMr' 

/p^ucT^vasopressin-activated  calcium  mobilizing 
putative  receptor  protein1 
7db  xref=”PID:g2394274'’ 

*“  .  .  »» %  jt  a  <T~r  vnr  t  V 


3'UTR 

/gene=’' V  ACM- 1" 

BASE  COUNT  877  a  378  c  512  g  694 1 

°  1  at°gcgacgt  ctaatctgit  aaaggataaa  ggtutcnc  agtrtggaga  caaatggget 

61  matgegee  eganguu  gaagenna  egeegggatt  ttgitacaaa  acggcagtgg 
121  tugaictgt  tucggatgt  gcatgcanc  tgnmggg  atgataaagg ;  ccca tcaaaa 
181  ancatcagg  ctuaaagga  agauuait  cugagma  "“gewg 
241  gtactgagcc  atcasgatga  taeggemg  ciaaaagcat  at3n0usa a i„  =  = 

301  ucmacac  aatgigamt  maccaaaa  ccnmgtc  aaciagagat  acmaat 
361  ggtaaacagg  gcagcaataa  asaaicaaat  gtggaagaca  ®  «?  3 

4?1  cnoatacat  o«aaigagtc  aaicuuca  aacataaaaa  acagactcca  a.ota  tgea 

Jil  wnWwi  nw  *^'"1*.““* wnp«w 

541  gtaagagaat  cciatguaa  ccutguct  aaicctgagg  ataajcuca  aautaiac3 


-  1  - 


,m  scrums  ::c.'.:ccc;nn  cugpr.c.'.  acagngngat  ;v.ugo^v 

'?  K,tn.  <c  awMaiee ■  uyncagaai  laiaigawt  aigcaS:«£c  umuanna 
K  l;  o  nonaa  acutttt  acguatua  ganncaagac  gagaagua  c.ccguga, 

Z'  Pacini-  aatcctstet  aaatgcccig  gtgacatcat  uaaagagac  wicuagci 
ci  faoKc'cS  cc  at  sate  a  a  gagaaatgaa  actgaaaaal  lacamaat  guucaiig 
on  Mgoacaaas  ncctaatgg  tatagagcca  agugaaag  acitggagga  acatatcau 
ofil  aotoctoocc  tsscaaatat  ggtageaget  gctgaaacta  uactactga  clc,S3S3* 

1071  tac°tt°a°c  aauacitac  actatttaat  agatttagta  aactcgtcaa  agaagetn 
oil  caa°aT°aic cacsatttct  tactgcaaga gataaggegt  ataaagcagt  tgttaal ^ 

Ul  ortaccatat  uaaacitga  attacctttg  aageagaagg  sggtgggatt  aaaaactca 
nnl  cctoaatcaa  aat°ccctga  gctscttgcc  aattactgtg  acatgttgct  aagaaaaaca 

peicS 

t  99 1  otaettaaot  atctacagaa  caaasatgtt  tnatgaggt  atcataaagc  tcamfflaca 
381  coacctcua  tan  a  sac  at  ctctgccgat  agtgaaattg  aagaaaacat  sgtagagtgg 
U41  ctei«aoa«  nsstatecc  agegganat  gtaaacaagc  ngetagaat  gtttcagguC 
1 501  ataaaa°taUt°aa2attt  gaaccaagct  maaggaaa  tgcacaaaaa  taataaattg 
561  ocattaccag  ctkartcaJtt  taatataaaa  anctgaatg  ctggcgcctg  gtcaagaagt 
6  ?!  fctsaoaaag  tcmgtctc  acttcctact  gaactggagg  acngatacc  ggaagtagaa 
1681  2aattctaca  aaaaaaatca  tagtggtaga  aaanacatt  ggcatcatct  catgtcaaat 
1741  ooaattataa  camaagaa  tgaagnggt  caatatgatt  tggaggtaac  cacgtttcag 
1  SOI  ctcgct2tat  t2mgcatg  gaaccaaaga  cccagagaga  aaatoagen  tgaaaatctt 
1S61  aa°cn°caa  ct2aactccc  t2at2ctgaa  cnaggagga  cntatggtc  magtaget 
991  ttcccaaaac  teiaeggea  &mgng  tatgaacctc  aagtcaactc  acccaaagac 
1981  tttaca2aa2  gtaccctctt  ctcagtgaac  caggagnca  gmaataaa  aaatgcaa2g 
9041  «nca°aaaa  2222taaaat  caacttgatt  ggacgtttgc  agctcactac  agaaagge  g 
9101  a2a2aa2a2g’a2aat2aagg  aatagncaa  ctacgaatac  taagaaccca  ggaaga«c 
2161  atacaaalaa  tgaaaatgag  aaagaaaan  agtaatgctc  agetgeagae  tgaattagta 
2221  2aaatttt2a  aaaacatgtt  cugccacaa  aagaaaatga  taaaagagca  aatagagtcs 
2281  ctaata2asc  acaaatacat  cagaagagat  gaatctgata  tcaacacnt  catatatatg 
2341  acataantt  gaatatcatg  gacaatattt  agaacccaaa  ttnggagtg  engggeaga 
2401  aagn2taaa”gmgtgctg  gagaaaggn  tamggact  rtganacat  aaatartaat 

2461  a*  * 


the  above  report  in  format. 
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t  nriK  XXXXX  1298  bp  mRNA  PRI  21 -OCT- 1997 
DEFINITION  Homo  sapiens  small-cell  carcinoma  of  the  lung  vasopressin  Teceptor 
subtype  la  mRNA,  complete  cds. 

ACCESSION  AF030625 
KEYWORDS  . 

SOURCE  human. 

°RG  ESaryoueTMeSoa;  Chordata;  Venebrata;  Mammalia;  Eutheria; 

Primates;  Catanhini;  Hominidae;  Homo. 

4S£;j5.:2AuL.C,  Madhun.Z.,  WO* , 

TITI E  Molecular  cloning,  sequencing,  and  functional  expression  of  a  cDNA 
encoding  the  human  V 1  a  vasopressin  receptor 
JOURNAL  J.  Biol.  Chem.  269, 3304-3310  (1994) 

REFERENCE  2  (bases  1  to  1298) 

AUTHORS  North, W.G.,  Fay.M.J.,  Longo.K.A.  and  Du,J.  . 

TITUS  Functional  Vasopressin  VI  Type  Receptors  are  present  in  Variant  as 
well  as  Classical  forms  of  Small-Cell  Carcinoma 
JOURNAL  Peptides  18, 985-993  (1997) 

REFERENCE  3  (bases  1  to  1298)  r 

AUTHORS  Du,J.,  Fay,MJ.,  Longo.KA.  and  North,  w.G. 

TITLE  Direct  Submission  _  i 

JOURNAL  Submitted  (21-OCT- 1997)  Physiology,  Dartmouth  Medical  School,  1 

Medical  Center  Drive,  Lebanon,  NH  03756,  USA  .  .  . 

COMMENT  Hirasawa,  A.  Biochemical  and  Biophysical  Research  Commumcano  , 

203,72-79,1994 

Thibortnier,  M.  Genomics,  31, 327-334,  .1996. 

FEATURES  Locadon/Qualifiers 
source  3  ..1298 

/oreanism="Homo  sapiens" 

/note="cell  type,  small-cell  carcinoma  of  the  lung,  cell 
line,  NCI  H82,  NCI  H345.;” 
gene  1..1298  ' . .  . 

/genc=’’SCCL  vasopressin  receptor  subtype  la 

CDS  °  24..  1280 

/gene="SCCL  vasopressin  receptor  subtype  la 
/codon_stan=l  „ 

/product=''SCCL  vasopressin  subtype  1 a  receptor 

/transbdon="MRLSAGPDAGPSGNSSPWWPLATGAGNTSREAEALGEGNGPPRD 

VRNEEtAKLFJAVLWTFAVAVLGNSSVIlALHRTPRKTSRMHLFIRHLSLADLAV 

AF 

FQVLPQMCWD1TYRFRGPDWLCRVVKHLQVFGMFASAYMLVYMTADRYIAVCHP 

LKTL 

QQPARRSRLM1AAAWVLSFVLSTPQYFVFSM1EVNNVTKARDCWATFIQPWGSRA 

YVT 


<CCL  Via  receptor  page  2  of  2 
*  %  W 

% 

WMTGGIFVAPVVlGTCVGnCYNnVCNVRGKTASSQSKGAEQAGVAFQKGFLLA 

pcv 

SSVK^ISRAKJRTVH'tTFVIVTAYirVCWAPFFDQNGVSVAYDPMS'AVTESHN'PTnTTA 

USSUNSCCN™^^^ 

NNR  SPTNSTGMWKDSPKSSKSIKFIPVSr 

BASECOUOT  «*»  399  c  364g  277 1 

ORIGIN  »«/*«♦  orate  tctccscces  tCCC£2C£CS  gggccctcgg 

1  egagtaggag  ctgcatggac  «ge*FJe  ®  *  Jf|  caacacaagc  cgggaggccg  ' 

“!«.C!5SSS«?!b*I  caaegaggag  ciggccaa: 


84  SSm't  cagcaaceig  aagtccant  cccgggccaa  gaiccgaa^5“S 

]031^ctgc^uict|ggnccrgaalagCtgCtgu^:CTggam2catgc^a^o^^^ 

!*}  «n»S  aac’aatcgaa 


// 
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mRNA,  complete  cds. 

ACCESSION  AF030512 
KEYWORDS  . 

SOURCE  human. 

°R°^a^ 

Primates;  Catarrhini;  Hominidae,  Homo. 

*ffi8oSa  .  Mochizuki.S.,  Watanabe,Y..  Hashimoto.S.  and 

•rml:K  M"cloning  and  functional  expression  ofacDNA  encoding  the 

3OU^rr^ffiMs.J70«(1994) 

"  carcinoma  of 

TTl'LE  Human  vasopressin  receptor  subtype  1  o  in  vocu 

the  lung 

JOURNAL  Unpublished  . 

RS?^Fayi®go.KA.and»G. 
J^J^AE*r^lmdt^S^'OCT-1997)^^niog5^Dmmouth  Medicai  School.  1 
Medical  Center  Drive,  Lebanon,  NH  03756,  USA 
COMMENT  de  Kevzer,  Y .  FEB  S  Lett.  356, 2 1 5*220, 

FEATURES  Locanon/Quabfiers 
source  1..1450  .  „ 

jbS^^taKall-cen  carcinoma  of  the  lung, 
cell  line,  NC1-H82.;" 

£CnC  /gene="sraall  cell  vasopressin  subtype  lb  receptor*' 

005  /gene2=,;sm^l  cell  vasopressin  subtype  lb  receptor” 

/product=’'sraall  cell  vasopressin  subtype  lb  receptor 

'  /transbt3on=’'KfDSGPL^T)ANPTPRGTLSAPNATTPViLGRDEELAKVEIGVLATV 

lvlatggnl\\lltlgqi^rkt^srmhlfvlhlaltdlavalfqvlpqllwditykf 

QG 

PDLLGUAVKY,QVI^hiFASTYMLLAMTLDRYLAVCHPLRSLQQPGQSTYLLIAAPW 

AAJFSLPQVr-IFSLREVIQGSGVIDOVADFGFPWGPRAYLTWTTLAIFVLPVTN'ILTA 

YSUCHE^KNLKVKTQANWVGGGGWRTWDRPSPSTLAATTRGLPSRVSSINTISR 

AK 


SCCL  Vlb  receptor  page  2  of  2 


IRTVKMIFVIVLAYIAOVAPFFSVQMWSVWDKNAPDEDSTNVAFnSMLLGNLNS 

CCN 

p^klGFNSHUJRPLRHUCCGGPQPRMRR^DGSI^SRHmLTRSSCPATLS 

LS  ULTL^GRPI^EESPRDLELADGEGTAETnT 

BASE  COUNT  243  a  517  c  381  g  309 1 

0R1uLpca.«c^gc.K^c^a.S^^cng 
^  .  _ _ _ a*  ssr.reeaccc  ctcesgscac  cctctctgcc 


121  ctcatggattctgggccttt  2§agatcgga 

»}  SSSfl 

«1 53S23&*  jsssssssesss 

44!  "a"1 

721  S^t'sia  cicSac  utcncgtt  cgccggiga ca gctw ^£5“/ 

781  aoccicaict  gccagagst  ctgtaaaaac  ct222a?ca  »  “ 

841  giasgag5gggctggagg2cnggga^gS444rattflcMCcrtfisCtaC^^^ 


iffil  owcaEaTet  pstccststg  eeacaagaa:  gcccctgatg 

ssssra^T&ssssr 

a^saasssssBSSSS^ 

1381  gagaccafca^cmiagga  aagactcgct  ggggtctggt  aagccccca  ggactagtgg 
3441  aggncictg 
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ACCESSION  AF0306/6 
KEYWORDS  . 

SOURCE  human. 

°RG' ffiSS&ChorfM;  Vencbniu;  Mnft  H»ta* 

Primates;  Catanhini;  Hominidae;  Homo. 

TITLHAMMoSAcionta^fP ifc  recoS  for  hmia.  honoonc 

JOURNAL  Nature- 357,333*335  (199..) 

REFERENCE  2  (bases  1  to  1201) 

JOURNAL  Ptpticfjs  17, 477-481  (1996) 

SrCSE  D^.S^.X.  ind North, W.G. 

S*8* 1 

COMR^f SuMSV*  1992. 

FEATURES  .  Location/Qualifiers 
source  1..1201  .  „ 

/organism='Homo  sapiens 
/note=”cell  type,  human  fetal  lung; 

cene  1..1201  .  .  « 

/gcne="Human  lung  vasopressin  V2  receptor 

COS  1148 

°  /gene*=”Human  lung  vasopressin  V2  receptor" 

/codon  start=l 

/product=”Humsn  lung  vasopressin  V2  receptor 

Aranslarion-'RfLMASTTSAVPGHPSLPSLPSNSSQBRPlDTRLPU-ARAEIALL 

S1VFVAVALSNGLVLAALARRGRRGJT.VAPIHVHGKLCLALLAVALFQVLPQLAW 

KAT 

drfrgpdalcravkylqmvgmyassymxlamtldrhraicrpmlayrhgsgah 

WNRPV 

LVAWAFSLLl-SLPQLFFAQRNVEGGSGVTbCWACFAEPWGRRTYVTWIALMVFV 

AFr 

LGIAACQVL1FRE1HASLYPGPSERPGGRRRGRRTGSPGEGAHVSAAVAKTVRMTL 

VI 

VWYVI.CWAPFFLVQLWAAWDPHAPLHGAPFVLLMLLASLNSCTNPWIYASFSSS 

vss 


Human  lung  V2  receptor  p: 


ELRSUXCARGRTPPSLCFQDESCrTASSSUKDTSS'' 

BASE  COUNT  174  a  407  c  375  g  245 1 

ORIGIN 


421  tcctggccat  gacgctggac  cgccaccgt^  ®  |  ttessccttc  tcgctccnc 
481  atggaagtgg  ggcicactgg  <*ccg*ceg  ggMfiflMC  agcggggtca 

541  tcagcctgcc  ccajproe  ^*^*^£fi,cSsic  acctggattg 
601  ctgactgc-tg  ggccigcttt  fcfcecc«»c cteccagcg  ctcaicncc 


721 


1201c 


y 
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'  y  LOCUS  XXXXX  1298  bp  mRNA  PR1  OS-OCT-1998 

DEFINITION  Homo  sapiens  breast  cancer  vasopressin  receptor  subtype  la  mRNA. 

^  complete  cds. 

ACCESSION  XXXXX 
KEYWORDS  . 

SOURCE  human. 

ORGANISM  Homo  sapiens 

Eukaryola;  Metazoa;  Chordata;  Vertebrata;  Mammalia;  Eutheria; 

Primates;  Calarrhini;  Hominidae;  Homo. 

REFERENCE  1  (bases  1  to  1298) 

AUTHORS  North, W.G.,  Fay,M.J„  Longojt  A.  and  Du  J. 

TITLE  Expression  of  all  known  vasopressin  receptor  subtypes  by  small  cell 
tumors  implies  a  multifaceted  role  for  this  neuropeptide 
JOURNAL  Cancer  Research  58, 1866-1871  (1998) 

REFERENCE  2  (bases  1  to  1298) 

AUTHORS  North, W.G.  and  Du,J. 

TITLE  Breast  cancer  cells  express  normal  forms  of  all  vasopressin 
receptor  subtypes  plus  an  abnormal  v2  receptor 
JOURNAL  Unpublished 
REFERENCE  3  (bases  1  to  1298) 

AUTHORS  DuJ.  and  North,W.G. 

TITLE  Direct  Submission 

JOURNAL  Submitted  (08-OCT-199S)  Physiology,  Dartmouth  Medical  School,  1 
Medical  Center  Drive,  Lebanon,  NH  03756,  USA 
FEATURES  Location/Qualifiers 
source  1..1298 

/organism="Homo  sapiens" 

/db_xref="  taxon: 9606" 

/note="Breast  cancer  cell  line  MCF-7;" 
gene  1..1298 

/gene="Breast  cancer  vasopressin  receptor  subtype  la" 
mRNA  24.1280 

/gene="Breast  cancer  vasopressin  receptor  subtype  la" 

CDS  24.1280 

/gene="Breast  cancer  vasopressin  receptor  subtype  la" 

/codon  jstart=l 

/product="Breast  cancer  vasopressin  receptor  subt\pe  la* 

/translation="MRLSAGPDAGPSGNSSPWWPLATGAGNTSREAEALGEGNGPPRD 
YRNEELAKLEIAYLAXTFAVAVLGNSSVLLALHRTPRKTSRMHLFIRHLSLADLAVAF 
FQYLPQMCWDrnrRFRGPD\\rLCRVVKHLQVFGMFASAYMLWMTADRYIAVCHPLKTL 
<&PARRSRLML4AAWYLSFYLSTPQYFVFSM1EVNNVTKARDCWATHQPWGSRAYVT 
^ITGGIFVAPVVILGTCYGFICYNIWCNYRGKTASRQSKGAEQAGYAFQKGFLLAPCV 
SSYKSISR.AKIRT  VKMTF\T  VTAYI YCWAPHT1QN  WSV  WDPMSY^TESENPTrriT  A 
LLGSLNSCCNPWIYMFFSGHLLQDCVQSFPCCQNMKEKFNKEDTDSMSRRQTFYSNNR 
SPTNSTGMWKDSPKSSKS1KF1PVST" 

BASE  COUNT  258  a  399  c  364  g  277 1 
ORIGIN 

1  egagtaggag  dgcatggac  ageatgegte  tctccgccgg  tcccgacgcg  gggccctcgg 
61  gcaactccag  cccatgglgg  cctctggcca  ccggcgctgg  caacacaagc  cgggaggccg 
121  aagccctcgg  ggagggcaac  ggcccaccga  gggacgtgcg  caacgaggag  ctggccaaac 
181  tggagatege  cgtgctggcg  gtgacmcg  cggtggccgt  gctgggcaac  agcagcgtac 
241  tgctggctct  gcaccggacg  ccgcgcaaga  cgtcccgcat  gcacctcttc  atccgacacc 
301  tcagcctggc  cgacctggcc  gtggcanct  tccaggtgct  gccgcaaatg  tgctgggaca 
361  tcacctaccg  cttccgcggc  cccgactggc  tgtgccgcgt  ggtgaagcac  ctgcaggtgt 
421  tcggcatgtt  tgcgtcggcc  tacatgctgg  tagteatgae  agccgaccgc  tacatcgcgg 
481  tgtgccaccc  gctcaagact  ctgcaacagc  ccgcgcgccg  ctcgcgcctc  atgategegg 
541  ccgcctgggt  getgagette  gtgctgagca  cgccgcagta  ctlcgtcttc  tccatgatcg 
601  aggtgaacaa  tgtcaccaag  gcccgcgact  gctgggccac  cttcatccag  ccctggggtt 
661  clcgtgccta  cgtgacctgg  atgacgggcg  gcatcttlgt  ggcgcccgtg  gtcatctlgg 
72 1  gtacctgcta  cggcttcatc  tgctacaaca  tctgglgcaa  cgtccgcggg  aagacggcgt 
781  cgcgccagag  caaggglgca  gagcaagcgg  gtgtggcctl  ccaaaagggg  ttcctgctcg 
841  caccctgtgt  cagcagcgtg  aagtccattt  cccgggccaa  gatccgcacg  gtgaagatga 
901  ctlttgtgat  cgtgacggct  tacatcgtct  gctgggcgcc  tltcttcatc  atccagatgt 
961  ggtctgtctg  ggatcccatg  tccgtctgga  ccgaalcgga  aaaccctacc  atcaccatca 
1021  ctgcattact  gggttccttg  aatagctgct  gtaatccctg  gatatacatg  ttttttaglg 
1081  gccatctcct  tcaagactgt  gttcaaagct  tcccatgctg  ccaaaacatg  aaggaaaaat 
1141  tcaacaaaga  agatactgac  agtatgagea  gaagacagac  tttuattet  aacaatcgaa 
1 201  gcccaacaaa  caglacgggt  atgtggaagg  actcgcctaa  atcttccaag  tccatcaaat 
1261  tcattcctgt  ttcaacttga  geettgeatt  catgcaac 
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IRTVKMTFMVLAYIACWAPFFSVQMWSVWDKNAPDEDSTNYAFTISMLLGNLNSCCN 

PWIYMGFNSHLLPRPLRHLACCGGPQPRMRRRLSDGSLSSRHTTLLTRSSCPATLSLS 


LSLTLSGRPRPEESPRDLELADGEGT  AETIIF 
BASECOUNT  243  a  517  c  381  g  309 1 
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1  tccctgtcat  tctcaacgct  tctccttlct  ctccacctcc  cctgccactc  cattttatcc 
61  atcaaacetc  tccacttgca  tccacaccct  cccttcatcc  ttccctccca  gcaaaccttg 
121  ctcatggatt  ctgggcctct  gtgggatgcc  aaccccaccc  ctcggggcac  cctctclgcc 
181  cccaatgcca  caacaccctg  gctgggccgg  gatgaggage  tggccaaggt  ggagatcgga 
241  gtcctggcca  ctgtcctggt  gctggcgacc  gggggcaacc  tggctgtgct  gctgaccctg 
301  ggccagctgg  gccgcaagcg  ctcccgcatg  cacctgttcg  tgctgcactt  agccctgaca 
361  gacctggccg  tggegetett  ccaggtgctg  ccacagctgc  tgtgggacat  cacctaccgc 
421  ttccagggcc  ccgacctcct  gtgcagggcc  gtcaagtacc  tgcaggtgct  cagcatgltt 
481  gcctccacct  acatgctgct  ggccatgacg  ctggaccgct  acctggclgt  ctgtcacccc 
541  ctgcgcagcc  tccagcagcc  aggccagtcc  acctacctgc  tcatcgctgc  tccctggctg 
601  ctggccgcca  tcttcagcct  ccctcaagtc  ttcatttm  ccctgcggga  ggtgatccag 
661  ggctcagggg  tgctggactg  ctgggcagac  ttcggcttcc  cttgggggcc  acgggcctac 
721  ctcaccigga  ccaccctggc  tatettegtt  ctgccggtga  ccatgctcac  ggcctgctac 
781  agcctcatct  gccatgagat  ctgtaaaaac  ctaaaagtca  agacacaggc  ctggcgggtg 
841  ggagaasseg  gctggaggac  ttgggacagg  ccctcacctt  ccaccttagc  tgccaccact 
901  cggSgcrgccatctcgggt  cagcagcatc  aacaccatct  cacgggccaa  gatccgaaca 
961  gtgaagatga  cctttgtcat  cgtgctggcc  tacatcgctt  gctgggctcc  cttcttcagt 
1021  gtccagatgt  ggtccgtgtg  ggacaagaat  gcccctgatg  aagattccac  caatgtggct 
1081  ttcaccatct  ctatgctttt  gggcaacctc  aacagctgct  gcaacccctg  gatctacatg 
1 141  ggcttcaaca  gccacctgtt  accgcggccc  ctgcgtcacc  ttgcctgctg  tgggggtccc 
1201  cagcccagga  tgcgccggcg  gctciccgac  ggcagcctct  cgagccgcca  caccacgctg 
1261  ctgaeccgct  ccagctgccc  ggccaccctc  agcctcagcc  tcagcctaac  cctcagtggg 
1321  aggcccaggc  clgaagagtc  accaagggac  ttggagctgg  cagatgggga  aggcaccgct 
1381  gagaccarea  tcttttagga  aagaclcgct  ggggtctggt  actgccccca  ggactagtgg 


1441  aggltctctg 
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